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CHANGES 1.- -STOLIC BLOOD PRESSURE DURI';G ISOMETRIC 44
CONTRACTIONS OF DIFFERENT SIZE MUSCL: GROUPS 7/ /.,

The systolic blood pressure responses to sustained 40% maximal

voluntary index finger adduction and handgrip contractions were

characterized for 21 male subjects. Using the systolic blood

pressure measurements and the corresponding times at which they

were taken, regression lines were cAlculated which illustrated

the changes in systolic pressure with respect to time. The slope

of the regression line representing the mean response to the

larger muscle mass (.287) was significantly steeper (p&.001)

than that for the smaller mass (.052). The literature reviewed

prior to conducting this study suggested that the systolic blood

pressure response to isometric exercise is deoendent on percent

of maximal vbluntary strength and independent of the size of the

contracting muscle mass. The results of this study indicated i
that the size of the contracting muscle mass does influence the

systolic blood pressure response to a sustained isometric
contraction.
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CRANGES IN SYSTOLIC BLOOD PRESSURE DURING ISOMETRIC 44
CONTRACTIONS OF DIFFERENT SIZE MUSCLE GROUPS

I"The systolic blood pressure responses to sustained 40% maximal
voluntary index finger adduction and handgrip contractions were
characterized for 21 male subjects. U ing the systolic blood
pressure measurements and the correspohding times at which they
were taken, regression lines were c&lculated which illustrated
the changes in systolic pressure with respect to time. The slope
of the regresyion line representing the mean response to the
larger muscle mass (.287) was significantly steeper (p4.001)
than that for the smaller mass (.052). The literature reviewed
prior to conducting this study suggested that the systolic blood
pressure response to isometric exercise is dependent on percent
of maximal v51untary strength and independent of the size of the
contracting muscle mass. The results of this study indicated
that the size of the contracting muscle mass does influence the
systolic blood pressure response to a sustained isometric
contract ion.
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l ackarounof the Study

l Since many ol _ our daily activities contain elements

of an :som-+ric nature, for example, holding a box while

lif-irg i t , brushing our teeth, combing our hair; our

cardiovascular system must routinely adeot and function

l durina thesa stresses. DeVrics(a) and lird (9,9,1") have

demonstrated that -the pressor response during activities

containing both rhythmic and static components is

primarily qoverr.ed by the isomaric componen 4 .

Characteristic carliovascular responses to static

l contractions are (1) substantial rises in both systolic

and diastolic blood Fressures, (2) small changes in heart

rate, and (3) minimal, if any, changes in the peripheral

vascular resistance(3). The moni~orina of the heart rate

is not th- most aleauate means of assessing the cardiac

I stress oc an exercise con~aining an isometric component

since he pressure lcad imposed on the heart, demonstrated

by changes in the systolic and diastolic hlood pressures,

I is more signi~ican than the exercise tachycardia.

I
mI-

_ _ _ _ _ _ _ _ _ _ _ 4
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Cardiac effort or mvccardtal oxygen cost during exercise

,(;VO2 can ba most accurately predicted using the

DrCssure-7aTe product (heart rate times systolic blood

pressurs) (2,9,13). Hav!.nP an accurate assessment of the

pressure load, as indicated by the systolic blood

prmssure, imposed upon the myccardium by 'he isometric

components of an -xercise proaram would be valuable for

vercise pr-scription and activiies of daily living (ADL)

Icounseling following myocardial infarction.

nvestigations conducted by Donald(1), Lind(2), and a

7eview o = literatarce by Nutter(3) state that the blood

pressuire reSDO.Se to an isom-tric contraction is governed

by two factors: (1) +he intpnsity of the isometric

contraction, and (2) the duraticn of the contraction.

Studies by Donald (1) , Lind(2) , Devries(U) , Fisher(5), and

-.;,phr=vs(6), have shown a positive relationship between

!-e Dercent of th- maximal voluntary cor.traction (MVC) and

the manitude of -he systolic blocd pressure observed

durina the contraction. Astrand(7) , Lind(2,8,9), and

Dsvrims(U) conclude from +heir studies that the systolic

I blood pressure response during an isometric contraction is

determined not by the size of the contracting muscle mass,

but by its relative Froportion of MVC. This assumption is-

1 plausible considering their data; however, Mcloskey( 1 0),

I
1
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I using Plectrical stimulation, demonstrated on anesthetized

doas and cats that the size of the contracting muscle did

influence the magnitude of th. pressor response.

- Although Lind(8,9) , Humpbreys(6) , and McCloskey(10)

all sta-e that the c ange in systolic blood pressure is

proDor+ional to the percentagp MVC of the isometric

contraction, there is no agreement among them as to how

much change will occur at a giver, percent 4VC. All thres

I o" thes. i.nvestigators studie9 a relatively small num ber

or sub-iect : Lind, ton subjects in one study(8), four in

+ ha 3 thzr (9) ; 9umohrevs, four subiects (6) ; McCloskey, ten

subiect(1O). None cf the investigators attempted to

control nor dil they mention how they compensated for the

Scontribution of the accessory muscle ac+ivity to the blood

pressure response observed in the individual studies.

With he nxcep'ion of McCloskay(10) who used arterial

cath 4eerization, blood pressure was measured by

aucultatio., using a pressurs cuff and stethescope. Due

to the osychological and physiological changes that cause

fatigue, it is dilficult to study abscluto systolic blood

prossure values m.asured indirectly at isometric tensions

orsate - than 50% ,VC due to the relatively short duration

of contraction. Although these studies and

oth-rs(2,11,12,34) have described pressor responses of

I,



3 differt-nt muscle aroups at various percentages of MVC, no

3 literaturq is available which tested the statistIcal

sinificarce of differences between the characterized

rasponses of large ard small muscles. Previous studies

have rot uti4lized sufficiently large numbers of sublects

Ior valid t-echniauqs of measurinrg blood prqssure. Nor have

I Drcvious ctudies e;liminated or accounted for accessory

muscle? ac~ivity which could havF contributed to the

obs;ervced blood pressu:e rssponsos. Thus, an objective

inesigtinof the? systol'c blood pressurs rosponse to

Iisomztric contractions of different size muscle grouDS,

Jwhich would minimize the criticisms of ',he above mentione~d

studies, i-s needed.

Purnose of the-study

I The purpose of this study was to investigate the?

differarca between the systolic blood pressure responses

to t-wo d~ fferent size muscle masses contracting at a knowr.

I pprcentagae of maximum voluntary strength. Specifically,

this study compared slopes and i4ntercepts of the

I regression. lines derived from systolic blood pressure

r -svorses dur~na susta.-ned contractions of two different

s--zA muscle groups ccr.tracting a,- 40% MVC.



UT Liitations- of the Study

I Cer4-air factors which can be considered as

limit: tions 4-o this study include:

1 -hs inabili-ty to mciasure precisely the size of the

cortrac4-ing muscle mass.

2) Irnability -Io completely assess or elimi.na-:e syne r-

gistic and/or co-contract ing muscle activity.

2) vt alidity of maxiaum tension mpasure! as actually being

thm maximum t-nsion possible for the individual

I ublec -s .

U) 1@ DSV chological and physiological fatique factors

influencing rI'e duration of the isometric con-

+ ract ions.

15) 7 population limited to normal males between the ages

cl 20 and 33 years.

A hn- use of an int-ermi"Cenl* noninvesive rather than

i cortinuous invasive techiniaue for measuring

blood Drsssurs.



i n-fiition of Terms

I usc1 mass. The amount of muscle tissue in the

muccl or muscle croup producing the specific isometric

contraction.

=Fatique Contraction. The sustained contractions of

the two different size muscle groups performed until a

I cu'-off critereon is observed.

i aximal Isom-tric Tension. Mean value of three brief

maximal isometric con+ractions each of 3 seconds duration

and with 1 minute rest between contractios.

Cut-off Crit-ricn for Muscle Tc nsion. :sometric

m muscle tonsion during a sustained contraction which was

I 1C less han the designated EL10 +ensior.

Maximal Accessorj uscle Activity. Level of

itpgrated FMG ac-tivity recorded from surface electrodes

c-er ths most lilkv svnerqistic and/or co-contractina

i muscles durino a '00 MVC of "he specific accessory

muscles.

u sCut-o-f Critzricn for Accessorv Muscle Activity.

I _rtearated TMG activity racorded from surface electrodes

ovsr the most likely synergistic and/or co-contracting

j muscle, which does not oxceed 1011 of the maximal accessory

I ac ivit y.

I
I

, ,l :" . • . . .. -• , , "..-. a4 -i' .,,l2,t.,:. , .
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FT V:!W OF LITEPA-TJPE

-his chapter presents a :-evaiew of litaerature,

partirant to the meiasurement of isometric strength and

Ierdurance and a thorough review of literature relevant to

- e blood pressurs response +o iscmetric exercises.

5treng_qt and :_sometricFndurarce- Measurements

:r his book on work and fatigue (15) , Simonson

identifies some ol +--- phvsicloaical and psychological

factors 4o consider when measuring maximal isometric

muscle strength and submaxima). iscmetric endurance

contractions. Investigators studyinga the relationship

batween isometric strength and iscmetric endurance have

calculatel test-rittest correlation coefficients (r) as an

indicat-ion of the reliability of their measurements.

I Carlson(16,1 1 obtained r values, indicative of his

1 be 4 ween day reproducibility, of .95 and .60 to .6P for

maximal i-somptric strength and submaximel isometric

1 endurance, respecively, In a s'-udy usin~g handgrip as the

4:som;?tric contraction and belween day r values of .914 ane



!

I .U8 4o .73 for strength and endurance, respectively, in a

I Etudy utilizing the elbow flrxors. Heyward(18) studied

handgrip strength and endurance and obtained between day

test-ret-st r values of .q2 +o .98 for 100% MVC strength

ard .55 to .88 for endurance. While testing the validity

of a dvnome-ter to measure isometric strength of the

:n4r-insic mu-cles of th- hand, Lc.ss(19) obtained a test-

retest r va~ae of .89 to .9U for adduction of the index

-ling--r.

9lood 11rssnrp Fesponse tc Isometric vxercise

Uithouch GasYeell(20) , as early as 1877, and

C-rant (21), Clark, et al. (22), and Tuttle and Horvath(23)

"n later yvears had described some of the physiological

changes that occur in the cardiovascular system durina

exercise, - was not until thm mid-I9E0's that studies

were conducted that specifically evaluated the

cardiovascular changes as they relate to sustained

isometric contraction. -n contrast to dynamic exercise

which characteristically manifests itself with a marked

I increase in both heart rate and cardiac output, and a

decreaso in total vascular resistance, sustained isometric

exercise is manif--sted by rapid increases in systolic and,

lo a lesser dearen, diastolic arterial blood pressure,

A
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less dramatic increases in heart rate and cardiac output,

i a d !it~le, if any, increase in total systemic vascular

rc-sistanc (-I)

r. 1963 Humphreys and Lind(6) published the results

o' the firs t investication which studied the relationship

bp'wecn intramuscular Dressure and perfusion pressure of

he blood at different nercen4ages of maximal voluntary

cont raction (MVC). Flood flow to the active muscles in

the forearm was measured 3uring repeated 30, 40, 50, 60,

ard 'nn' !VC handgrin contractions of four healthy middle

Iaged male subjects. lhe contractions were maintained until

fatigue. Fatigue was define! as the instant at which the

specified tension could no longer be maintained, and

measure-d to the nzarest second. Forearm blood flow

measurements were taken nrior, during, and post exercise.

Because oO possibly inaccurate measurements at 70% MVC,

* only the data collected at the lower tensions were

Dresqnred for discussion. Using bipolar needles to

determine the "...functional anatomy of the forearm

muscles during thp contractions...", the prime movers were

defined as th extensor carpi radialis, flexor digitorum

sublimis, and the flexor digitorum profundus. There was

no electromyograp ic evidence of activity from the flexor

[ carDi radialis or the flexor caroi ulnaris. Blood pressure

.... .... .. .... - • . ... .
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I

I was measured by auscultation on tle opposite arm prior,

du'ring, and post contraction.

A all lensions, there was a 10-20 mmHg rise in

svstolic blood pr-ssure durina +he fIrst 10-15 seconds of

the isomotric contractior. and the observed systolic blood

I pressure a+ fatigue in all cases ranged from 170-190 mmHo.

Since blood flow, and not blood pressure, was the major

irnvestigative factor, there was a relative paucity of data

and discussion related to the blocd pressure changes.

H'3mphrevs and Lind ccncluded that the blood flow directed

I toward the active muscles was increased at all relative

submaximal tensions investigated, but there was a gradual

increase of the intramuscular pressure of the contracting

muscles as the percent of MVC increased from 30-70% such

that at 70 MVC the intramuscular pressure exceeded the

I pa-rusion Dressurt of the blood and the flow to the activr

muscles was compl=tely occluded. In light of this fact,

it is reasonable to assume that the observed increase in

jsystol'c blood pr-ssure was the body's attempt to maintair.

adeauate blood flow to +hr active muscles in spite of the

1increasing intramuscular pressure.

r. 96Q, Lind, e' al. (2), published the results of ar.

i.vestigation designred to look at the changes in aortic

blood pressure, heart rate, cardiac output, and blood flow

I

' -I II . . . . . ... .. . l I. . .. . . m iII lli . . .



durina isometric handgrip contractions of varying relative

I intmnsitiem. Ising four subiec+F, Aata was obtained from

10 and 201 mvC each -eld for I minules and a 50% *

contraction held to fatigue (1 minute for two subjects, 2

minutes for the olher Iwo), being defined as the instant

a4 which the subject could no longer maintain the

contraction. During -:h 10% MVC there was an average mear.

aortic blood pressure (diastolic + 1/3 pulse pressure)

;_ncrease of 10 mmla and 7 bea's/min in heart rate. The

moan aortic pressure and heart rate of three of the four

I subiec's ramained in a steady skate condition during the

final 3 minutes of the contraction period. The mean

aortic pressure and heart rate had returned to resting

values within 30 seccnds following release of the

contraction. All sour subjects showed a continuous

1 increase in both meat aortic pressure and heart rate, 32

mmHa and 26 beats/in respectively, during the 20% MVC.

"hese Iwo parameters aaain re t urred to restina values

within a short time, 1 minute, following release of the

contraction. The average increases in mean aortic

1 pressure and heart rate for all four subjects at 1 minute

were UC mm~a and U8 bcas/min respectively during the 50%

MIC. one minute was the fatigue point for two of the

j subjects, but the other two sublects maintained this

I
I4



I contraction for 2 minutes. The fatigue values for these

4 wo subiects were increases of 57 mmHg for mean aortic

pressure and 57 beats/min. for heart rate. Wiether h;ld

for ' minu-e or 2 minutes, the mean aortic pressure and

heart rate both returned to normal conditions within 1

minute followina cessaticn of the contractior. These

authors acknowledoed the fact than extraneous muscle

aciviyv durin the sustained contractions was possible,

Sbut failed to consider this in discussing the obtained

da-a. They conclude.d that the pressor response to an

Iisometric contractior was acverned bv the relative tensior

1of the contracting muscle mass.

As a follow-up to some of his previous work(9), Lind,

c al.(24) conducted two series of experiments designed to

look at the responses to non-fatiguing, which he defined

as being loss than 15% !VC, and fatiguing, which he

defined as being areater than 15T MVC, isometric

contractions. The "irst series compared the

cardiovascular resnonses during the sustained isometric

contractions; the second series investioated the effects

I of ar+erial occlusion on the post-exercise hyperaemia.

"sing nine sublects, ti'e investigators observed blood

pressure, via auscultatior every inute pre- and post-

exercice and every 30 seconds during contraction usino a

I
I
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I umicrophonp stathoscopo, and hoart rate durir.a four 3

minutz contrac.ions at r, 1C, 15, and 20% 4VC eacb. 'Data

was obtained from a 30% MVC seDaratel.v to ensure that the

cardiovascular changss observed were not influenced by the

pr-vious contractions.

-n all insta-ces, a steady state systolic blood

pressure and hoart rato was achieved early in the 1 and

10w MIY and maintained throughout the remairder of the 3

minute contraction. Thrre was a continuous rise of both

blood pressure and heart rate thrcughout the entire 3

1 minutes lurino all ccntractiors areater than 15% MVC. The

avesraa increments of chanae for the four subjects for

each 3 minute contraction wera:

Percent Flood Pressure Heart Rate
MVC (in mm~a) (beats/min)

Systolic/Diastolic

1 10/8 4
10 13/12 6
15 1U1/1 3 8
20 18/1E 11
?0 27/23 26

-he authors failed tc discuss the rates of change observed

in these parameters. 9oth blood pressure and heart rate

always returnad to ncrmal values within 1 minute followirc

rele as of the con+raction. Pased on the data from this
invstigation and previous studies, these invstigators

concl'ded that at tensions less than 15w MVC, the

I
I
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cardiovascular syster was able 4 o mairtain an adequate

blood supply to rhe active musclas for an indefinite

period of 'ime, but at tensions greater than 15% MVC,

latigu* wais inevitable dur to an insufficient blood

supply. The blood flow to the active tissue, and

therefor_ ths durticn of the cortraction, was dependent

j I on the relative t-nsior of the contractina muscle mass.

1ind a.d McNicol(9) next set out to investigate the

I cardiovascular chances to isometric contractions performed

in combination with other exercises, both dynamic and

static. using four subjects, 20w handoriD (r minute

I duration) , 30% (2.1 minutes), and 50% (about 1 minute;

unti. fatiau = ) .V1s were each performed during treadmill

j walkina at 'hree different work rates (1.1, 1.7, end 2.9

1/mi.. Systolic blood pressure was measur.-. at 30 second

intervals via auscultation =nd hear' rate was monitored

I via a continuous FCG. Ioth of these parameters showed a

continuous rism d,'rina each isomtric contraction period.

Althouzh absolute values differed, increments of change

wert similar (systolic blood pressure increased 30 mma,

I QO mmuo, and 45 mm~q, at 20, 30, anO 50w M.VC raspectively)

for all workloads.

Again using 'he same four subjects, the

cardiovascular changes were observed when thera was an

I
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I :som~'ric contrac-ion of the righ* hand alone, right hip

flexors 3lone, anO *he right hip flexors simultaneously a*

mildntical relativ- tensions durina each set of

cortrazc4ions. _:ncrements of chance in holh heart rate and

systclic blood prossure were similar for all combinations

m of contractions at each of the intensities investigated

(20, -, 50- VC). Similarly, using control handgrip

contractions of 10 and 20X FVC, the preceding combination

m contrac"ions ware simultaneously performed at 30 and

10% !V respectively. Observel increments of change were

S. milar to those observed during t he previous sets of

isometric contrac 4iors.

9ase1 or thee 'indinas, tho authors concluded that:

( )h increase in blood pressure resulting from an

isommtric contrac"ion performed luring a steady-state

dynamic exprcise will not be influenced by the dynamic

m component: the amourt of chanae will be the same as if t.e
isom - -trc contractiors were oprformed without the dynamic

exercise, (2) the pressor response resulting from two or

more. simul-ereous iscmetric contractions will be regulatod

I 1v t-.e contraction at the highest percent MVC, and (3)

durina an isometric contraction, the magnitude of change

in blood pressure is iependen, en the percent IVC of the

contracting muscle reaardless of the mass involved. "hey

I
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n do hypothesize, though, t-at "...there may be a lower

limit of muscle mass which elici's the responss... ".

uind and McNicol, conceding to the fact that although

lhe cardiovascular responses observed in the previously

lascribed studies may have been correct, these changes had

been produced under contrcllml, artificial environmental

conditions and it was possible that identical changes

woal not occur in a situation which more closely

,smulated daily act:v" es. This was the basis behind the

design of their naxt study(e). While standing, ten right

I 1:nded sublects h -±d a 20 kg wpioht for 2.5 m:nutes in the

riah, hand alone, in the left hand alone, and in each har.d

s*.multanaously. Blood pressur= was measured at 33 second

irtervals via :.usc-ltation using a microphone stethoscope

and heart r-ate was mcnitored cort-nuously by ECG. All ten

sublects showed identica! palerns of resoonse:

Icontirously ircre'isina systolic and diastolic blood
pressures and heart rate during the contractions, all

I +threp of which quickly returned to normal values followino

release of the con+ractio. The average mean blood

pressure (diastolic + 1/3 pulse pressure) increase to

holding 'he weight in the lef'I hand alone or in each hand

s_ multaneously was UP mmHo, while the corresponding value

I for the rich, hanA was only 3F mmHg. 4ea-t rate increases



1"7

i were 22 and 19 beats/min reso.ectively. Each subject then

lifted ULO ka in a specially dasioned shoulder harness.

The heart rate and mean blood pressure showed initial

increases of 6 beats/rain and 23 mmHg, respectively, which

were -her maintained constant until the weight was

released. eased on conclusions from previous

investigations(9,9) this exercise was defined as a non-

fatiguing contrac~ion.

Pc Iemonstraled by holdina different amounts of

weigh-, when a non-fatiguing weight was held in either

hand alone, in both hands simultaneously, or carried in

the shoulder harness, both the mean blocd pressure and

heart rate plateaued and remained constant throughout the

romainder of the axercise, whereas during an exercise

involving a fatigning amount of weight both the stated

parame-ars maintained a constar increase throughout the

entire exercise bout. Using these patterns of response as

a auide, stretcher carrying hy hand was identified as a

fatiguing exercise but when carried by the shoulder

harness was non-fatiguing. This investigation,

demostrating the different atterns of cardiovascular

response to fatiguing and non-fatiguing contractions(5,9),

lends support to 'he suppositi.on that the pressor response

is dqtermined primarily by the muscle group isometrically

. /. ' II- il .. ........ I I~jo
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cortractia at the highest parcert !!VC durina a physical

activ!v.

While investioating fatigue du- to isometric

contractios, Fun~erburk, et al.(25) ussd handgrip

con'r;ctions ol 21, uO, and 60w !VC to produce fatigue.

Ihcir daa showed that for all three relative tensions,

I the ratterns of r-spcrse to cnanras in blood pressure and

absolute mean blood pressure (diastolic + 1/3 pulse

pressure) obtained wera all vary ii4milar, but that the

ratee of change were more abrlupt at the higher relative

tnsions. The higher oercentage MVC also caused a larger

hcart rato increase. -he results from 'his investiga'ion

supported the assumption that blood pressure changes

rasultina Irom an iscmptric exerciss are diae to a reflex

stimula-ion derived from a chemical response, most likely

I accumulaionr of potassium ions in the muscle, but that

there is a central nervous system stimulus governing the

increase ir. the haart rate.

I ~McCloskev an0 Stratfiel (10) used both animal and

human sublects for their investigation of the muscle

reflx stimulation tc 'he cardiovascular system during

isom-tric contractions. t sing anaesthetized dogs and

cats, thev stimulated the ventral roots of the hind limbs

I whille observing the blood pressure and heart rate changes.

!
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I Rlood Dressura chances to bilateral hind limb stimulatior.

1 (ranaing from 20-59 mmHg) was areater t1ar the

corrosmondina range (10-35 mmFg), for unilateral

s"_mulation in 13 of the 15 arimals.

rTsing 10 human subjects, the muscle reflex s+imulus

Iwas studied by comparina the post-exercise occlusion blood

pressure values to those obta'ned during the last 15

seconds )r a 1 to 1.5 minute U05. .VC of two different size

1muscle masses, those producing handgrip and hose

producing a triqgr Full of 'he little finger. During the

Ihandgrip contraction -e svslclic blood pressure values

1range from 140-100 mmHa whi!h the respective small mass

value ranged from 148-192 mm~a. During the 1 to 1.5

m'nute post-exzrcise occlusion period, there was an

initial drop of tho systolic blood pressure, but it

I-mained at a DP-essure hiaher than resting throughout the

entire period. For each subiect, the post-exercise

occlusion pressure was higher for handgrip than for the

small mass contracticn. The authors concluded that, while

the r-sults coilcided with findings of other investigators

I that 'he total presscr responrs is proportional to the

Dercert4tae of MVC obtained in the isometrically

contracting muscl*(2,6,8,9,17 , the muscle reflex

I
I
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cOmDonent of this rOsponse will vary according to the size

o" the con+racting muscle mass.

Summa rv

This chapter iiscussed t1-; tost-retest correlation

coefficients for reneated MVC and isometric endurance

i contractions obtained during prpvious studies. Also

Dresented wore thorouah reviews of studies which have

investiaated the blocd pressure response to sustained

isome~ric contraclions. Easic concepts derived from thess

studires are: 1) at " sometric tensions less than l; MvC

I the syztolic blood pressure will show an initial incroase

in responso to tha contraction, then remain at steady

state until the contraction is terminated, 2) at tensions

greater than 15% IVC there will be a continuous increase

in the systolic blood pressure throuahout the entire

I duration of the isome-ric con~raction, 3) there appears to

be a positivP correlation between the rate of change in

systolic blood pr-ssurs and percent MVC, and 4) the

3 systolic blood pressure response is believed to be

regulated by the oercent maximal voluntary strength at

5 which the muscle is contracting and is independent of tho

size of thq isome-rically contracting muscle mass.

I
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'he mz,'ods used to morilor and characterize the

blool Dressura resoorses in the preceding studies varifed.

Blood DressurP~ were me asured e4ither by auscultat4 on or by

arter ial or aorti-c catrher izat ion. There was no

standardizoed procedure for prespntinci the results of '-hess

I studizs. Flood pre-ssures werne presented as peripheral

systoli c blooi prsssures, mear (diastolic + 1/3 pulse

ressure,) blood prqssures , an~d mean aortic blood

Ur9essureS. -The- chances in blood uressure were expressed

ceith=-r as absclutq values or in~crements of change pqr unit

I tims, but no two studies uised 'he same time intervals for

expressina thqir resrective rssults.

The issuce of thdp reproducibility or reliability of

4he methods used to monitor blood pressure was not

discus.;el in any of the studies. All of taese studies

I us ed ralitively small numbers of subjec4-S. These studies

f%!iled to elimina's or consid-r the potential

contributiors of" accessory mus7cle activi-ty +o --he observed

blood pre ssur= resporse.
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I CHAPTER III

PEOCEEURE FOE OBTAINING DATA

Sub ctls

Subjects for this study were 21 males between the

ages of 20 and 35 years. Potential subjects were screened

via a medical history form (Appendix A) which was reviewed

by a physician. A resting systolic blood pressure in

excess of 130 mmHg excluded an individual from

I participating in the study.

Recrder. A Beckman eight-channel type R recorder

I(Figure 1) was used to produce a permanent record with a

common time scale of all parameters being measured. The

handgrip and index finger adduction dynometers were

I coupled to the recorder through type 9803 strain gage

couplers. The systolic blood pressure signal was recorded

using a type 9863A indirect blood pressure coupler. A

1 type 9608A A-C coupler was used to produce the doppler

blood flow signals. EMG signals were transformed using

type 9852A direct-average ENG couplers. Each of the

I
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couplers was connected to a type 481B preamplifier and a

i type 482 amplifier (Figure 2).

Blood essur e uei e__. The system for measuring

I systolic blood pressure (Figures 3,4,5 excluding recorder)

consisted of (1) the Beckman type R chart recorder, (2) a

Beckman 9863A indirect blood pressure coupler, (3) an

automated Godart (model 15100A) non-invasive blood

pressure monitor, (4) a 23.75 x 5.5 inch sphygmomanometer

are cuff, (5) a Korotkoff sound microphone (a component of

I Sphygnostat Model B-350 blood pressure monitoring system

from Technical Resources Incorporated), (6) a model 802-A

IParker Electronic Latoratcry Doppler ultrasonic blood flow
mcnitor, and (7) a Beckman 9608 A A-C coupler.

IThe Korotkoff microphone was placed over the brachial

artery of the non-exercising arm. The Korotkoff sounds,

I superimposed on the ;ressure curve tracing from the arm

j cuff, were recorded cn channel 3 of the recorder.

Using Parker Laboratories Aquasonic 100 transmission

1 gel for the coupling medium, the Doppler transducer probe,

consisting primarily of two piezoelectric crystals,

transmitted the blood flow signals from the radial artery

I of the non-exercising arm to the electronic control unit

and amplifier. The signals were then coupled through theI!
In
I .
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29I
A-C coupler to produce a signal record on channel U of the

1 recor der.

Forcgs2jIa n Elent. The system for measuring

1 the force during index finger adduction (Figure 6)

consisted of a platform with stabilizing dowels, padding,

strap and an "O" ring force transducer which was coupled

to the recorder through a type 9803 Beckman strain gage

and recorded on channel 1 of the chart record. A

I turnbuckle was used between the "0" ring and a stationary

post to allow for adjustments needed to standardize the

position of the index finger during isometric

Iccntractions.
The force produced during the handgrip was monitored

Iusing the dynamometer pictured in Figure 7. This fcrce

was recorded on chanrel 2 of the recorder. The "0" ring

and finger bar were suspended between the vertical

uprights and the distance between the finger bar and the

upright to which it was attached was adjustable via the

turnbuckle connecting the "C" ring to the distal vertical

upright. This was necessary to be able to standardize the
position of the fingers during the isometric power grip.

The force transducers were calibrated prior to

beginning the study and again each day prior to data

collection. The smaller "0" ring was calibrated to

!
I
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3,000gm (6.61 ibs) and was checked each day using at least

3 three weights to verify its accuracy. The large "0" ring

was calibrated to 165.5 lbs and was similarly checked for

m accuracy daily. All weights used for calibration were

verified on scales meeting U.S. standard weights and

measures certificaticn. A more detailed description of

I the calibration procedure and the data resulting frcm the

original calibration procedure for each transducer are

Ifound in Appendix B.

I EKequ ent. Surface ERG activity was recorded

using Beckman #214712 silver/silver chloride electrodes

Ihaving an electrode size of 11 mm diameter actual pick up

diameter of 2.5 m. Using the 9852A direct-average ERG

Icouplers, the surface ERG activity was recorded on
channels 5-8 of the recorder.

Betho

The two exercises selected to represent the different

size muscle masses were index finger adduction and

handgrip. Although cther investigators have used other

muscle functions to represent a relatively small muscle

jmass (9, 10, 26) it was determined through pilot ERG work

that index finger adduction was the smallest, most

I dexterous muscle function that produced the least amount

I
[
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of extraneous muscle activity that our subjects would be

I able to perform. This acticn is performed by the first

volar interossei (27,28,29,30). A very functional,

natural movement, the handgrip was selected as our

relatively large muscle mass. The prime movers and

stabilizers of tais activity are the flexor digitorium

I superficialis and profundus, extensor carpi radialis,

opponens pollicis, flexor pollicis longus and brevis,

abductor pollicis lorxgus, and adductor pollicis (27,28).

I Using the estimated 40% MVC for each of the twc

exercises obtained ir. the initial session, a 40% MVC

j fatigue contraction cf each exercise was performed during

each of two succeeding sessions. Systolic blood pressures

were measured prior to the start of the fatigue

I contractions and approximately every 20 seccnds during the

contractions. When It was evident that: 1) the subject

could no longer hold the designated 40% tension or 2)that

the accessory ENG activity was above the 10% cut-off

I level, the sustained contraction was terminated.

Following each 40% fatigue contraction, maximal ERG

activity of the accessory muscles and 100% MVC of the

isometric contraction were determined. The subjects

performed a maximal voluntary strength determination forI
I
I
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each of the two different size muscle groups during the

n final session.

Index fiq,_Aduct n.The subject was seated in a

chair next to the dynamometer with his arm in 30-450 of

abduction and 00 flexion and his elbow flexed 900. The

forearm and hand were stabilized in the dynamometer as

i illustrated in Figure 8, and the finger ring was placed on

the index finger such that the proximal edge of the ring

was even with the distal interphalangeal (DIP) joint line.

The turnbuckle between the "O11 ring and the post was then

adjusted to position the index finger in 150 of abduction.

At the given signal, the subject performed an isometric

contraction pulling against the force transducer.

H ndarj. The subject was seated in the chair beside

1 the dynamometer such that his arm was in neutral position

in the sagital plane, abducted 30-450 , and the elbow

flexed 80-900. He then gripped the finger bar and

proximal stabilizing post. The distance between the bar

and post was adjusted, follcwing trial contractions, to a

distance that the subject said was most comfortable(Figure

9). At the given signal, the subject performed an

isometric power handgrip.

=i4 E2.gurg. o The accuracy of the

indirect blood pressure monitoring system was tested viaII
!
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the auscultatory method using a stethoscope and a mercury

manometer (Appendix ). Frior to each experimental

session, the Beckman pressure transducer system chart

I output was calibrated with the Beckman anaeroid gauge.

Using 200 mmHg as four centimeters deflection on the chart

paper, the system was calibrated by progressively

I increasing and decreasing the cuff pressure through the

full range (0 to 200 mmHg).

The first distinct, sharp spike was indicative of

blood passing through the artery under the pressure cuff

I and was therefore judged to represent the systolic blood

pressure from the brachial artery. If the first Korotkoff

spike was questionable, signals produced from the Doppler

blood flow transducer were used to decide which Korctkoff

signal was valid. During the initial validation of the

I blood pressure monitoring system, it was determined that

the Korotkoff signal prior to the initial Doppler signal

was indicitive of the systolic blood pressure. This

i criteria was therefore used to determine the systolic

blood pressure from the pressure curve if it was

I questionable which Koretkoff signal to use. The validity

of the Doppler-cuff tethcd had been established during a

previous study performed in this laboratory(31). The

I
[I
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pressure cuff was calibrated daily prior to data

m collection.

By using both the Godart pump and a bulb, the

I pressure in the cuff could be increased rapidly. When

this pressure exceeded the systolic blood pressure, as

indicated by a loss cf the Doppler signals, the pressure

was allowed to bleed out through the pump at a slow

constant rate. When the pressure reached the systolic

blood pressure and less, the Korotkoff signals appeared on

the pressure curve ard the Doppler signals returned.

After Korotkoff and Doppler sig-nals were recorded on the

chart paper the remaining pressure was allowed to rapidly

bleed out through both the pump and bulb. This procedure

was begun prior to the start of the contraction to enable

the investigator to get a systolic blood pressure reading

during the early phase (the first 5 sec.) of the

contraction, and was repeated as often as possible

throughout the duration of the contraction. An average of

20 seconds elapsed between blood pressure measurements

with an average of seven measurements obtained during the

I sustained adduction contractions and six during the

handgrip contractions.

EKG. Using anatomical and kinesiological information

it was determined that the most likely accessory muscle

m
m
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activity would be recorded by monitoring the skin surface

over the bellies of the wrist flexors (flexor carpi

radialis) , wrist extensors (extensor carpi ulnaris) , and

the biceps and triceps during index finger adductior. and

the biceps, triceps, anterior deltoid and pectoralis major

during handgrip (27,28, 29,30). The muscles to be

monitored were palpated during a manual muscle test

(29,32,33) and a 5 cm equilateral triangle was marked over

the corresponding areas. Using anatomical landmarks on an

average size adult male as reference points, the location

of the electrodes was standardizied(Appendix D).

The skin surface where the electrodes were to te

placed was abraded with #400 emory cloth. Using Beckman

Electrode Electrolyte as the coupling medium, the

electrodes were attached with adhesive discs to the skin,

and the interelectrode resistance measured. If this was

not less than 5000 ohms between any two of the three

electrodes, they were remcved and the skin reprepared.

During pilot work in preparation for this study

simultaneous direct and integrated EMG signals recorded

m from the same set of surface electrodes demonstrateJ that

only extreme movement of the EMG cables produced a motion

artifact that could contaminate the recorded integrated

tracing. Similarly it was shown that, under the conditions

I
I
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existing in the laboratory, the recorded integrated EMG

tracings were free of envircnmental artifacts. There

were, however, EKG artifacts present in some of the EMG

I signals recorded fron subjects anterior deltoid and

pectoralis major muscles during the study. This was first

noticed when the EMG signal from a subject was changed

from integrated to direct as a check for contamination of

the integrated EMG recording. If the EMG activity frcm

1either the anterior deltoid or the pectoralis major was

established as the cutoff criteria for the 40!VC

Icontraction, it was checked, by changing from integrated

0to direct, for EKG ccntamination. No EMG tracings

contaminated by EKG artifacts were used fcr establishing

Ithe end point of an exercise.

IProced ue__2.L_Dt._ous!tin

Prior to data acquisition, each subject was given a

subject information form and signed a subject conser.t form

m (Appendix A).

At least four exercise sessions were required vith

Ieach subject. There was at least one, but not more than

m four, days between each session; sessions were not

conducted on weekends. In order to control diurnalI
m
I



I
41

variation sessions were conducted at the same time cf day,

i ±2 hours.

The order of presentation of the two different

i exercises during the first session with each subject was

determined via a random number table. This order of

presentation was repeated again during the session in

which the third fatigue ccntracticns were performed

(session 3). The order of presentation for the session in

i which the second fatigue contractions were performed

(session 2) and lor the last session (session 4) was

opposite of that during sessions 1 and 3. This reversal

* of the order of presentation was used to eliminate any

bias due to the order of presentation of the exercises.

I During all isometric contractions, the subjects were

given verbal motivation by the investicator to produce

maximal tension and to sustain the endurance contractions

as long as possible.

Systolic blood pressure measurements were takeD only

during sessions 2 and 3.

The subjects were not allowed to observe the chart

i needle deflection frcm the dynamometers during MVC

determinations, however, during the 40% NVC the subjects

tqonitored their tension by observing the needle

deflections. The subjects were instructed to do their

I
I
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I best to maintain a straight line at a predetermined level

indicated by a mark on the chart paper. A mark was made

on the appropriate channel of the chart paper indicating

the 40% MVC of the respective exercise, and the subject

was instructed, as the chart paper advanced, to drav-as

straight a line as possible at this level. Even though the

I subject was monitoring the tension himself, the

investigator was continually giving verbal feedback to

keep the tension as constant as possible.

Sessio..I. The subject was set up in the appropriate

dynamometer and maxisal isometric tension was determined.

For this study, maxinal isometric tension had been defined

as the mean value of three brief isometric contrartion

each of 3 seconds duration and with 1 minute rest between

contractions. After allowing at least a 5 minute rest,

the subject was set up in the other dynamometer and

performed a maximal isometric tension determination of the

second exercise. EMG electrode sites were marked,

* j prepared, and the surface electrodes were attached, after

which the interelectrode resistance was measured. An

I appropriate sensitivity setting was then determined for

each of the four muscle groups being monitored. The

subject then performed a 40% MVC, based on the MVC just

determined, of the second exercise. This 40% contraction

I
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was held until either 1) the subject could no longer

Imaintain the contraction, or 2) tle integrated EMG tracing

of any of the four areas being monitored exceeded 10mm

n from its baseline. Since maximal needle deflection

possible for an EMG record was 50 mm, the width of a

channel on the chart paper used, if the needle was

deflected 10 mm (20% of the channel width) it would have

greatly exceeded the maximum accessory muscle EMG allowed

m for this study. A minimum of 3 minutes was allowed for

rest, after which a saximal muscle contraction for each of

the accessory muscle groups being mcnitored for EMG

activity was performed. The integrated EMG activity

recorded during this maximal contraction was the 100%

value upon which the 10% cut-off level for the accessory

muscle activity was based. The electrode positions for

the other two muscle areas to be mcnitored were prepared,

the appropriate EMG electrodes were moved, and the

interelectrode resistance measured. The subject was then

repositioned in the initial dynamometer and performed a

40% MVC contraction based on the respective MVC determined

m at the first of the session. Again, following at least a

3 minute rest, the irtegrated EMG activity of the

monitored muscle groups was recorded during a maximal

contraction of the respective accessory muscle groups,

n

Ii
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After removal of the electrodes and changing the

dynamometers, which allowed at least a 5 minute rest, RTC

determinations were again performed for both exercises, in

1reverse order of that during the first part of the
session.

The 40% MVC values to be used for the fatigue

J contractions during sessicns 2 and 3 were calculated from

the two 100% MVC trials performed during session 1. If

I the endurance time of a sustained contracticn performed

during session 1 was greater than or equal to 150 seconds,

the higher of the two respective 100% MVC values was used

to calculate the 40% MVC value. If the endurance time of

the sustained contraction was less than or equal to 45

seconds, the lower 1CO% MVC value was used. This protocol

was based on studies which indicated a range of 45 to 150

seconds for a sustained 40% MVC(2,9,10,11,25,34). With
adduction, the smaller of the two 100% M¥C values was used

for three of the 21 subjects. The larger of the twc MVC

I values was used for all 40% calculations fcr handgrip.

No blood pressures were taken during this session; it

I was used to acquaint the subjects with the equipment and

what to expect during the following sessions.

Ssio . Using marks made during the initial

session, the EMG electrodes were positioned for the

I
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Uappropriate exercise. Next the blood pressure monitoring

equipment was attached and a resting systolic blood

pressure was recorded. The interelectrode resistance was

l then measured and an apprcpriate sensitivity for the ENG

was selected. The subject was positioned in the

appropriate dynamometer(Figure 10). Systolic blood

j ressure was monitored until it was within 10 mmHg of the

systolic blood pressure taken previously, this being the

Icriteria used to define a stable, resting systolic blood
Fressure. After a resting systolic blood pressure value

had been established, the subject performed a 40% VC

based on the respective 1001 MVC determined in session 1.

When the subject could no longer maintain the proper

I tension or when any cne of the EMG recordings exceeded

lOmm deflection on the chart paper, the contraction was

terminated. EMG activity during a maximal contraction of

J the monitored muscle groups was obtained as in session 1.

The appropriate EMG electrodes were changed and the

jinterelectrode resistance was measured between these

electrodes. The subject was then positioned in the second

dynamometer. When the systolic blood pressure was stable,

1 within 10 mmHg of the initial systolic blood pressure

recorded during the first part of the session, the subject

performed a sustained 40% IVC of the second exercise. The

1
l
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exercise was terminated using the criteria previously

stated. Maximal ERG activity was recorded in the same

manner as before.

m§, s...3. The procedure for data acquisition during

session 3 was identical to that of session 2, except that

the order of presentation of the exercises was reversed.

Session 4. The order of presentation of the

exercises was the same as that in session 3. The subject

3 was positioned in the appropriate dynamometer aud 100% MVC

was determined. Following at least a 5 minute rest, 100%

MVC was determined for the second exercise.

Pr~gdure _Zeucin

I Using a paper speed of .2 cm/sec during the first and

fourth sessions and a speed of .5 cm/sec during the second

and third sessions, permanent records were produced during

jeach contraction. Arpendix E illustrates a portion of a

chart record produced by a subject during session 2.

SMVC. The first three 100, MVC values within a 10mm

range (1.3 pounds for index finger adduction and 28 pounds

I for handgrip) were averaged to calculate the value for an

MVC determination. If two contractions were within this

range and the other was greatly increased or decreased,

additional contractions were performed. Some subjects

I_
-- ,A
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actually performed as many as seven brief maximal

I contractions before three values within this 10mm range

were obtained. There were 29 out of a total of 104 index

finger MVC determinations when more than three brief

contractions were performed fcr an index finger adduction

MVC determination. In 11 of these 29 instances the three

brief tensions included the highest of the recorded

values. In the other 18 instances the three brief

tensions averaged for the MVC determination did not

include the highest cf the recorded tensions. In 13 of

these 18 times the highest brief contraction value

recorded (but not used) was greater than the highest of

the five NVC determinations for the respective sublect.

Although there were 13 separate MVC determinations cf

concern, they involved otily seven different subjects.

I Similarly, there were eight instances when more than three

1 brief contractions were taken for a 'iandgrip MVC

determination. Of t.ese eight, there were six instances

when the three brief contraction values averaged for the

N¥C determination included the highest of the recorded

I tensions. The remaining two instances did not use the

highest recorded tensicn for the respective MVC

determination. In beth of these cases, though, the

highest brief contraction value recorded (but not used)

I

Ia
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I was less than the highest of the respective subject's five

I 'VC determinations.

40 fl!_A_~~n~. When the tension during a 100 M¥C

contraction was decreased more than 10% below the

calculated 40% tensicn for longer than 5 seconds the chart

record was marked to indicate the termination of the

experimental contraction.

U -ct . The 10% allow able accessory muscle EIG

activity was determined for each muscle group for each

session based on the 100% activity recorded for the

respective groups during the respective session. When the

EMG activity recorded during the 40% contraction exceeded

this 10% level, the chart record was marked to indicate

the termination of the experimental contraction.

D.iqn &traction. The duration of a

contraction was determined by calculating the time

interval between the onset and termination, due to either

decreased tension or excessive ENG activity, of the

3 contraction using the time interval marks produced ty the

recor der.

I. lc bl2OLr s_rej. The first distinct, sharp

i spike produced by the Korctkoff microphone, as compared to

artifacts, on the decreasing pressure curve was

i interpreted as the systolic blood pressure. If there was

I
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I not a clear distinction between the artifacts and the

first sharp spike, tte Doppler signal was used, as

described previously, to interpret the systolic blocd

pressure. Only systclic blood pressures recorded prior to

the cut off time as determined by either the decreased

level of isometric tensicn or excessive EMG activity were

I used for data reduction. Repeated systolic blood pressure

measurements were obtained during the sustained 40% MVC
1contractions. For bcth the index finger adduction and

handgrip contractions the first exercising systolic blood

Ipressure measurement was taken within the first 7 seconds
of the sustained contraction. Individual regression

lines, in the form y = mx + b, of systolic blood pressure

: Iversus time were calculated for each sustained contraction

performed by each subject during sessions 2 and 3. These

regression lines were considered the criterion measures of

Ithe systolic blood pzessure responses to the sustained
40% MVC contractions.

The Statistical Analysis System (SAS) library

programs GLM, ANOVA, and MEANS were utilized for the

statistical analyses. The .05 level of significance was

chosen for this study. Means and standard deviations were

I
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calculated for the 1CO% MVC determinations, 
resting

Isystolic blood pressure measurements, and endurance times.
Means and standard error cf the means were calculated for

Ithe slopes and intercepts of the regression lines
representing the mean systolic blood pressure response to
each repetition of each different size muscle mass and the

grand mean response to each different size muscle mass.

e .~dqcibji:. The degree of reproducibility of

I repeated measurements was established by testing how well

the values correlated and the significance of the

difference between the values for repeated measurements.

The ccrrelation was determined by calculating Pearscn

product-moment correlation coefficients (r). The

* significance of differences was tested by either an

analysis of variance or a paired t-test. Correlation

coefficients were calculated for the values of the five

I MVC determinations for each of the two different size

muscle groups, the resting systolic blood pressures

I measured at the start of sessions 2 and 3, the endurance

times for the two sustained contractions of each different

size muscle group performed by each subject, and the

I slopes and intercepts of the regression lines representing

the systolic blood pressure responses to the two sustained

contractions performed by each subject of the two

I
I

- ...... . -• ... .
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i different size muscle groups. Analyses of variance

procedures were perfcrmed to test the significance of the

differences between the five NYC determination values for

i the two different size muscle groups. Duncan's multirange

tests were performed on the five mean HVC determination

values for each different size muscle group to determine

where the significant differences existed. The

significance of the difference between the endurance times

for the two sustained contractions of each size muscle

group performed by each subject was also tested via an

analysis of variance. Paired t-tests were performed to

test the significance of the difference between paired

resting systolic blocd pressure measurements and paired

slopes and paired intercepts of the two sustained

contractions performed by each subject for each size

1 muscle group.

IIn eF- ariable e Dshi s. Simple linear

regression was performed cn the exercising systolic blood

i pressure measurements and the corresponding times at which

the measurements were taken to characterize a subject's

I systolic blool pressure response to a sustained isometric

contraction. Individual and combined correlation

coefficients were ccuputed for the exercising systolic

I
I
I
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blood pressure measurements versus time for i-h sustained

I contractions (35).

Student's t-tests were performed on the slopes and

I intercepts of the regressicn lines representing the mean

response of the 21 subjects to each sustained contraction

of the two different size muscle groups and the mean

I response of the 21 subjects to each of the two different

size muscle groups tc test the si nificance of the slopes

and intercepts relative to 0 slope and 0 intercept.

iInter-e ciseSicapirisns. An analysis of variance

was performed to test the significance of the difference

between the slopes and intercepts of the regression lines

representing the mean response of the 21 subjects tc the

sustained contractions of each of the two different size

I muscle groups.

I
I
I
I
I

I
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This chapter presents the results of the analyses

performed on the collpcted data.

Stren gh MeasurementsI
Adduc'ion. Tndividual maximal s-ronath values for

index finger adduc4icn and the mean and standard deviaticr

for each trial ar civen in Table 1. dhe deare_ of w,_'h _.-

I subiect reproducibility was established using the Pearson

i product-moment correlation coefficient (r). The r values

derived from the correlation bptween any two mean values

I of the ive maximal strenath doterminaions are presented

ir Table 2. -he r value f or max 1 vs max 2 (r = .U2)

I illustrates the within day reoroducibility. All other r

values illustrate between day ccmrarisons. "ese values

ranged from r = .336 (max 1 vs max L) to r = .709 (max 2

I vs max ?).

An analysis of variance procedure was performed to

I determine if there were significant differences between

the five index finger MVC determinations performel by each

I
I



5

I

I •Tablp 1

Maximal Voluntary Strength for
Inlex Finger Adduction (Ibs)

I "'rial

Sublect 1 2 3 41 1 2.140 * 2.60 3.19 4.73

2 LI.11 3.U4, 2.148 2.70 3.08
3 2.31 1.87 2.142 4. 48 4. 58
4 1.65 1.96 3.15 U,.?7 2.55
5 3.61 2.87 3.58 3.88 4. 18
6 ?.33 2.60 2.51 3.00 3.65
? 2.54 2.149 2.89 2 .97 2.82
8 3.86 3.96 4.140 5.35 4.38
9 4.68 5.39 4.14 5.42 4.7E

10 .. 18 4.27 LI.68 4.57 4 .57
11 3.42 3.33 3.92 3.11 3.03
12 3.52 3.81 4.79 3.85 3.3913 3.52 3.84 3.31 2.4E=  3.11
14 --. 19 3.A5 5.46 4.65 3.50

15 4.05 U1.38 3.91 14.76 3.22
16 3.88 5.69 5.90 5.83 5.97

I 17 4.08 3.39 4.21 3.11 2.97
18 2.74 3.99 4.86 5.08 3.85
19 2. 67 1.54 1.90 1.83 1.93i 20 3.15 3.33 3.72 4.55 5.19
21 4.02 3.00 3.72 '4.55 4.53

Mean 3.41 3.35 3.75 3.97 3.81
S.D. .78 .94 1.06 1.08 .99

I *missina data

!
I'1
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I
Table 2

Reproducitility of Maximum Strength
Determinations for Index Finger

Aiduc4ion: Pearson Prcduct Momen
Correlation Coefficient (r) for

Comparison Between TrialsI
Max 2 Max 3 Max Max 5

Max 1 --2 .5?3 33. 7
(.0001)** (.0127) (.1363) (.1355)

Max 2 .709 .570 .441
(.0005) (.0087) (.0515)

Max 3 .701 .428
(.0004) (.0527)

Max .6P4I (.0006)

*within day correlation: all others are
between day correlations

**robability of getting a larger r value
if no correlation exists

I
1I
I
1

--..-----
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I sublect. A calculated value of = 3.39 indicatel that a-

the .05 level of significance, there was a sicnificant

difference te~wee the values. A follow-up to the

analysis oO variance, the Duncan's multiple rance test,

indicated tiat there was no sianificart dIfferenco betweer

the mean values for Grouo C (max 1,2,3), (rouo B (max

I 2,3,5),and Group A (wax 3,5,U). There was a aeneral trerd

of increasing strength with successive MVC determinations,

j although there was not a significant difference betwe-n

any two successive trials. This includes the within lay

Ideterminations (trials number 1 and 2) and between day

trials (trials number 2 and 3, 3 and 4, and 4 and 5). The
significant differences were between trials 1 and 4, 1 and

5, and 2 and 4. ables 3 and 4 display the results of the

analysis of variance and the Duncan's test, r-3spectivplv.

Handarip. The individual values, means, and standard

devia 4 ions for the handarip maximal strenath trials are

shown in -able 5. The Pearson correlation coefficient (r)

was again used to demonstrate the degree of within subiect

reproducibility. The within day reproducibility for th

handgrip MVC determinaticns was r = P43 (max 1 vs max 2).

The botween day correlation coefficients ranged from

r = .418 (max 3 vs max 5) to r = .780 (max 2 vs max ),

1Table 6. An analysis of variance performed on the

I 
.
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Table 3

Summary of Analysis of Variance for Com-
parison Eetween Trials of Maximum

Strength Determinations for
index Finger Adduction

I Source of Degrees of Sum o Mean
Variation Freedcm Squares Square F* D**

I trials
(with'n) L 5.02 1.480 3.39 .0129

3 Sublect s
(betweer) 20 60.25 3.012 6.91 .0001

E _rror '9 34.U4 0.436

Total 103 100.61

*F for .0 level (p,79 D.F.) = 2.50
P for .0! level (20,70 D.F.) = 1.12

**= probability of ge+ting a larger F value

I
I
I
I
I
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IDuncan's multiple Range rest for Differ-

ences 199tveer Mean values for Trial
One to Five for Maxim~al Strenath

for 77ndex Finger Adduction

M !ean Number of 'rial1
Groupina* (I.b s) Sub jects Number

A 3. 97 21 4i
B A 3.81 21 5

C B A 3.7r 21 3
C B 3.4I1 21 2

C 3.3r 20 1

*means with thie same le9ttpr are not sicnif-
icantly different at the .05 level
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I

I Tabo 5

Maximal Voluntary Strength for
Handgrip (lbs)

I -ria

Sublect  1 2 3 4 5

I 1 104.6 * 129.4 92.2 97.8
2 140.6 127.2 131.4 114.6 121.f
3 157.0 153.2 141.2 145.4 157.1
4 113.2 117.7 107.1 116.0 111.P
5 134.5 131.4 132.3 125.8 135.0
f 155.2 131.u 137.0 130.9 111.3
7 108.u 100.6 110.4t 91.3 119.3
8 103.4 104.8 104.8 116.5 116.9
9 119.1 126.1 112.3 133.7 130.

10 102.0 E7.5 106.7 98.7 103.911 85.6 93.6 99.6 98.7 101.u
12 130.5 111.8 104.9 9 8. 7 130.0

13 134.0 120.6 98.6 129.5 135.9u 120.2 101.1 98.1 95.0 95.0

15 110.t4 122.5 127.7 160.3 137.9
16 114.6 123.5 123.5 130.9 136.1
17 99.7 e9.4 81.9 93.1 95.9
18 137.9 128.6 135.6 146.8 139.3
19 113.2 S7.2 116.8 130.5 93.6
20 100.E S4.1 117.4 139.3 106.2

21 97.8_100 _ 0 6_0 106.2 133.3
Mean 118.2 113.2 1"q.1 119.1 119.5
S.D. 19.3 17.6 16.1 20.4 18.1

1 *missina data

i
I

I?
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Table6

Reproducibility of Maximum Strength Deter-
minations for Handgrip: Pearson

I Product Moment Correlation Coef-
ficient (r) for Comparison

Between Trials

I Max 2 Max 3 Max 4 Max 5

Max I .8U3- .590 . -59 .5341 (.0001) * (.0049) (.0362) (.0127)

Max 2 .74f .647 .780
(.C002) (.0021) (.0001)

Max 3 .597 .448
(.0043) (.0418)

I Max 4 .602
(.0039)I --------------

*within day correlation; all others are
betvqen day correlations

**probabilitv of. getting a larger r value
if no correlation existsI

I
I
I
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handgrip MVC determinations demonstrated no significant

differences between a sublect's five MVC determination

values ( = 1.18). This was also verified by the Duncan's

I multirange test. Tables 7 and 8 show the results of these

two statistical procedures.

Resting Sstolic Blood Pressure

-able 9 gives t e values and the correlation

I coefficient for the resting systolic blood pressures taker

prior to the 40% fatigue contractions performed durina

sessions 2 and 3. A paired t-test resulted in a

calculated t = -1.50, indicating no significant d-fferpnce

existed between the corresponding pairs of resting

systolic blood pressure values.

3 !ndurance Times

Adduction. The two endurance times obtained for eac-

sublect+ for the sustained index finger adduction

3 contractions are shown in Table 10. The within sublect

reproducibility was demonstrated using the Pearson

correlation coefficient, r = .59. Althouah the second

3 sustained contraction was usually of longer duration than

the first, an analysis of variance demonstrated that +hereI
I
I

D
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T.abla

Summary of Analysis of Variance for
Comnarison Betueen Trials of Maximum

Strength Determinations for
HanlqriD

I -------- ------ -------

Source of Degrees of Sum of Mean
Va riation Freedom Squares Square F* D*

T ria s
(w ih hin) 4 624.96 156.24 1.18 .3278

1 S

(betwe*n) 20 22920.01 1146.0 8.63 .000'

Frror 79 10404.42 132.PL

I - otal 103 34039.39

*F for .0 level (U,9 D.F.) = 2.50
Y for .05 level (20,79 D.F.) = 1.72

**probability of get+ing a larger F valueI

I
I
I
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Table 8

I Duncan's Multiplp Range Test for Differ-
ences 9etween Mean Values for Trial

One to Five for Maximal Strength
fer Handgrip

I Mean Number of Trial
Grouping* (Ibs) Subjects Number

-- 119.91 21 1A 119.06 21
A 11P.21 21 1
A '115.C6 21 3
A 113.17 20 2

I-------- -----------------

*means with the same letter are not signif-
icantlv different at the .05 level

I
I
I
I
I |
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Table 9

I Resting Systolic Blood Pressures
(mmlHg) and Correlation Coeffi-
Cient Taken at the Eeginning

of Sessions 2 and 3

I Session
Subject 2 3

1 132.5 127.5
2 110.0 117.5
3 117.5 127.5

4 130.0 122.5
5 110.0 120.0
6 117.5 112.5
7 127.5 127.5
8 125.0 137.5
9 117.5 122.5

10 105.0 112.5
11 117.5 125.0
12 107.5 117.0
13 125.0 112.5
14 120.0 127.5Ii
15 115.0 125.0
16 112.5 107.5
17 110.0 105.0
18 140.0 135.0
19 122.5 122.5
20 122.5 127.5
21 102.5 105.0

Mean 118.5 120.8
S.D. 9.5 9.1

I r = .695
p* < .001

I
*probability of getting a

larger r value if no
correlation exists

11
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I rablp 10

Endurance T'imes and Correlation
Coefficient for 40% MVC for
_ndex Finger Avaduction (sec)I

Session
I sublec+ 2 3

1 113.0 195.4 V
2 111 . 151.6
3 158.4 189.0
4 146.6 119.2
5 102.6 107.2
e 131.0 149.0

7 131.8 176.0
F 120.8 109.2
a 86.0 67.0

iC 75.8 129.6
11 191.6 172.2
12 120.0 162.2
13 145.0 146.8
14 80.6 72.615 121.2 123.0

1E 151.6 185.8
11 97.6 148.0
1F 164.0 173.4
19 121.0 105.8
2C 181.2 151.2
21 177.2 179.6mean 129.9 143.5

r.t. 32.9 36.9
r = .59I n* < .005

*prcbabilitv of cettina a
laraer r value if no
correlation exists1.

1
I

9.. -
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was no significan differenca beween tle two lurations al

the .05 level, Table 11.
HaDgriD. The endurance times obtained for the

I sustained handariD contractions are shown in Table 12. An

r = .6r was calculated for repeated measurements of tbis

variable. As with adduction, tbe second sustained

handgrip time was generally longer than 'he first. Pn

contrast to the adiuct+ion times, though, the analysis of

variance indicated a significant difference between a

sublect's t wo handgrip endurance times did exist( T able

13).

I Slops and Intercepts

"sing time (recorded in secords) as +he abscissa ane

systolic blood pressure (recorded in mmFg) as the

I ordinate, regression lines representing the blood

pressure response of each subiect to each sustained

contraction were calculated usina the regression formula

y = mx + b where y = systclic blood pressure, m = slope, x

= time, and b = y interceDt(Figures 11,12, and 131 . An

average of seven systolic blood pressure measurements (±21

with a 20 second interval between repeated measurements

was obtained for index finger adduction. Similarly, an

3 average of six measurements (±21 with an interval of 19

3
I
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!able 11

summary of Analvsis of Varlarce for
Compariscn of Endurance Times "or

110% MVC _!ndex Finger Adductio

Source of Degrees oP Sum of1 Mear
Variation Freedcm Squares Sguare F* D**

Sepet it ion
(within) 1 752.60 752.69 1.40 .2499

I Sutlects
(betw een) 20 39302. 14 196.61 3.67 .0027

I !rror 20 1071q.(49 535.97

Total 41 5077U4.32

*F for .0- level (1,20 D.F.) = U.35
? for .05 level (20,20 D.F.) 2.12

**probability of getting a larger F value

I
I
I
I
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I '"able 12

'I ndurance 'imes and Correla-ion
Coefficient for 40% MVC

,or Handarip (sec)I
Session

I Sublect 2

1 49.8 92.2
2 - .7* lO.U
? 10.0 100.2
4 182.8 241.4

'3 102. L 159.0
PP.6 105.8
103.8 105.8

E 152.2 182.8
06.6 99.6IiC 122.4 1696

11 166.0 140.0
12 131.6 120.0
13 124.6 169.8
14 68.4 82.2
15 147.2 247.8
1E 160.2 140.4
17 110.0 90.4
1E 140.8 127.8
19 65.2 158.2
2C 93.0 139.2
21 99.2 133.8

-- ean 11U. 1 138.4
S. . 35.5 U5.8

r = .65
p* < .002

*prcbability of getting a

larger r value if no
correlation existsI

I
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I !abls 13

Summary of Analysis of variance forCompariscn of Fndtrance Times 'or

40% MVC for Handarip

Source of Degrees of Sum of Mea.
Variation Freedcm Souares Sauare F*

Fe , etit ion ....

(within) 1 5721. 33 c721.33 8.65 .0081

Subiects
(bet ween) 20 F56QA.78 27Q4. 9U U.21 00"1

'Error 2) 13231.00 661.55

-otal -L 6;1.20

*F for .0_ leval (1,20 D.P.) =U.35
F for .or level (20,20 D.F.) 2.12

**probabili~y of getting a larger F value

I
I
,I
I
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seconds was obtained during t1'e sustained handgrip

contractions.

Ad duct ion. A t-test to determine if a significart

increase above the resting systolic blood pressure

occurred was performed on the slopes and +he intercemts of

the three regression lines (mean response-repetition 1,

I mean response-repetition 2, and mear response-index finger

adduc~ion) for index finger adduction, Table 1's. All

three slopes and intercepts were significantly different

from n. The slopes being different from 0 indicated

significant blood pressure increases occurred.

individual and combined correlation coefficients for

the systolic blood pressure measurements vs time (the

exercising blood pressure measurements) were calculated,

Appendix F, Table F-1. The average correlation

coefficient for the systolic blood pressure measurements

with time during the sustained index finger adduc+ion

contractions was r = .59(p < .001). Although the combined

I correlation was seemingly low, there was a correlation

between increasing systolic blood pressure and time durirj

the sustained index finger adluction contractions.

Correlation coefficients, indicative of the

reproducibility, for the slopas and intercepts of the

regression lines representing the mean systolic blood
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I

pressure responses tc the two endurance contractions for

index finger adduc+icn were r = .19P and r = .706,

respectively. Calculated t values of t = 1.3 and t =.3r,

for slopes and intercepts respectively, indicated no

significant differences between corresponding pairs of

regression lines representing the two sustained index

I finger contractions performed by each subject. Even

though a subject's blood pressure response to the

I sustained adduction contractions was not hiahly

reproducible, as indicated by the low correlation

coefficient for the slopes of the regression lines

(r = .198) , there was not a sianiicant difference te~wern

a sublect's two responses.

I Handgrip. The t-tests to datermine if a sianifica-.'

increase above resting systolic blood pressure occurred

during the sustained handoriD contractions indicated a

j significant response for each of thp three different

regression lines of hbandgrip, -able 15.

-he individual and ccmbined correlation coefficients

of the exercising blcod pressure measurements vs time for

tle sustained handgriD contractions are found in Appendix

G, Table G-1. The ccmbined correla4 ion coefficient for

t~ese measurements was r = .95(, < .001), indicatinq a!
I

! t
I€
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strong correlation between increasing blood pressure wit'-

time for t~-e sustained handgrip contractions.

"he beween t-rial re prod ucibility of the slopes and

I intercepts of the regression linas representing tle

systolic blood pressure responses to the sustained I

bandarip contractions was demonstrated bv calcula'5.-na

correlation coefficients of r = .389 for the slopes and

r =.6'rs for the intercepts. Calculated - values of

I t = 1.2 for the slopes and t = .78 for the intercepts

indicated no significant differences between paired

values. Ps with the systolic blood prassure responses to

1 the sustained adduction contractions, t~'e systolic blood

pressure responses of a subloct tc sustained handgriD

I ccntractiors were not highly reproducible (r = .389) evsr

t'-ough there was rot a signilcicant difforpnce between a

sublec4t's two responses.

I Adduction vs Randgrip. The results of 4'he aralyses
o" variance performed on the slopes and intercepts of thr

regression lines representing t1'P mean response o" the 21

sublects to the sLustained contractions of the 4-wo

different size muscle groUDS are shown in Tables 16 ard

17. Sgnificant differences between he slopes (F

68.11 , p < .001) Fand intercepts (F = £i.95, p < .0L45) of

I +Ike mean rearession lines were present.
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I'Table 16;

Summary of Aalysis of Variance for
Slopes-of 'Rearession Lines of Blood

Pressure Po Snonses to Sustained
Index Finaer Adduction and

Hardgrip Contractions

ISource of Degrees of Sum of Mean
Variation Freedcm Squares Sauarq P**

I xercise 1 1.158 1.15P 138.40O .00()l

iSublects 20 0. 338 0.017 2.04 .0261l
interaction 20 0. 3U 1 0.017 2.0(4 .0261

Error 42 0.351 0.008
using the analysis cf varianco mean square for
interact-ion as the error term sirca subie;cts

~xriewere assumed to bs a randomsaml -

1.15sq8 1.198 68.11 .00 t1
error 20 0.3(41 0.01-7

-I ---- - - - -- - -- - --- -- -- -- -- -- -------------

*F for .09 level (1,20 D.F.) = 4.35
F for .0 level (20,L40 D.P.) =1.8(4

**probability of getting a larger F value
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I "_able 17

I Sunmarv o Analysis of= Variance for :_nter-
cepts of Pegression lines of Blood
Pressure Responses to Sustained

I Index 7'inger Adduction and

Ma ndgrin Contract ions

I Source of Degrees of Sum of Mean
Variation Freedcm Souares Square P* *

1 - wxercise 1 82.01 82.01 3.37 .0n35

Subjects 20 14663.11 233.16 9.58 .0001

In+eraction 20 3 7. 1 17.87 .73 .7690

I rror ft2 __ 02 2. 08 24.33

usino the analysis cf variance mean square for
interaction as the error term since subiects

were assumed to be a random sample
xercise 1 82.01 82.01 U1.95 .0L7

I Error 20 357. 1, 1 17.87

-For .0 r level (1 ,20 D. F. ) = U. 3'

* for .0Or level (20,40 D.F.) = 1.84
**probability of gettina a larger P valueI

I
I

"*. . . -'ll I .. l T . .



Th.e f act that a sub-lect-exercise intpraction was

present for the slopes indicated that because a sub-iect

had a relativecly strcna response to the sustained index

I finae:r adduction contractions (as indicated by a

I relatively H-gh slope) did no'- indicate th at he would also

have a relatively strong response to the sustained

handarip contractions. The sionificarce of 4-he sub-iect-

exerc ise inte-racti-on (F = 2.0L4) rqlative o the

Isignificance of the differencem betwimpn 4'ho mean systolic

blood Dressur e resDonses to the sustained contrac4-icns ol

th.e two different size musclq groups (F 6 P.11) was

I negligib le.
Sinrce the paired t-tqst indica'ed Po signilicanc-

Idiff"Ierence between resting svs~oli-c blood Dressurr- values,

i one would assume that or. +he average a sublect's restina
systolic blood pressure was essentially thes same wher

Istarting the diff-rent sustaired cortrac-',ions. "he f ac+

that thbe i-ntercepts of the regression li-nes rzturesertina

I the mean systolic blood Dressiire resnonses to the? two

different size muscle groups werm sigrificantly ij4 ffe--en#

I indicated that a sianificant i-ncreasa in systolic blood

1 pressure must have occurred r-arly in +he handarip
con tra c tion s. Thi-s would have simulated a seeminaly

higher starting point for the handgrip conttactions.
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I ummarv

I The aralvsis of varianca ara Duncan's multiranae test

I indicated significant differonces between the five index

finger adduction MVC determinaeions performed by each

subject. The same tests indicated no such differences

were oresert for the correspo-ding handario values. -he

degree of within day reproducIbility 'or the MVC

determinations for index finger adduction was MemcnstrateO

tv a correlation coefficient of r = P42 (max 1 vs max 2).

--he corresponling correlation for the handarin MVC

determinations was r = .843. The between day correlaLio

Icoefficients for the index finger adduction MVC

determinaeions ranaed from r = .336 to r = .109 while the

corresponding values for gandarip randed from r = 44 to

Ir = .780.

,he paired t-test indicated no significant d 4 €ferenco

I existed between paired restina systolic blood pressures

measured at the start of sessions 2 and 3.

The analysis of variance indicated no significan'

difference between each subject's endurance times for thp

sustained index finger ad~uct-ion contractions. A

osignificant difference was s-owr to exist between the

corresponding 9ndurance times for handgrip. Correlation

I
I



I

coefficients of r = .59 for index finaer adduction and

r = .65 for handgrip were calculate( for 'he Pndurance

times of the sustained contractions.

I The t-tests indicated a sianificant increase above

the resting systolic blood pressu-e occurred Aurira each

sustained ccntraction of the two different size muscle

grouDs. The r.producibilitv of the slopes and inlercepts

of the regression lines representing the systolic blood

pressure responses to the sustained index finger adductior

contractions was indicated by correlation coefficients of

r = .198 and r = .706, respe&ively. Correlation

coefficients of r = .389 and r = .675 were calculated for

the slopes and intercepts, resoectively, of the reoression

Ilines representing the systolic blcod pressure responses

to handgrio.

The analyses of variance performed on th!e slopes an,

intercepts of the regression lines reoresantino the mean

responses of the 21 subiects to -he sus~ainel contractions

of the two different size muscle groups demonstraked that

a sigrificant difference exis4 ed.

I
I

- - -
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I CHAPTER V

I DISCUSSION and CLINICAL IMPLICATIONS

I !iesui_ e ment

In a study such as this, one must be concerned with

the reliability of repeated strength measurements.

I Studies have been conducted which looked specifically at

this issue. Two items to be considered when evaluating

the reliability of repeated maximum iscmetric strength

m measurements are between day and within day variaticns.

Carlson and McCraw(17) obtained a between day test-retest

3 correlation coefficient of .94. This was calculated from

a total of 8 100% maximal voluntary strength

determinations, each performed on a different day, for

isometric elbow flexion by each of 36 subjects. In a

study dealing with isometric handgrip strength,

Heyvard(18) obtained test-retest between day correlation

coefficients ranging from .92 to .98 from a total of 11

100% maximal voluntary strength determinations perfcrmed

by each of 49 subjects. Each 100% determination was

performed on a different day with no more than three

determinations in any one week. Even though the between

I
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day correlation coefficients for both adduction and

I handgrip maximal voluntary strength values were relatively

low (r = .336 to .78C) the within day correlations were

Ihigher (r = .842 to.843).

The analysis of variance and Duncan's oultirange test

indicated a significant difference at the .05 level

jbetween the mean values of adduction MVC determinations

for Group A (max 4, wax 5, and max 3), Group B (max 5, max

1 3, and max 2), and Group C (max 3, max 2, and max 1)(Table

4). The same procedure, though, indicated no significant

difference between ccrresFonding handgrip strength

values(Table 8). In trying to understand why the maximal

adduction strength values were as variable and seemingly

1unreliable as they were one should consider the type of

contraction involvzi and factors related to producing

maximal strength in a muscle contraction. As mentioned

earlier in this study, index finger adduction was chosen

to represent the smaller muscle mass because of its

relative ease of motor control. Even though it is fairly

easy to isolate this movement, if stabilized properly, it

Istill remains a relatively uncommon motion. This specific

muscle action was chcsen because it was the most natural,

easily isolated small muscle action to produce. Due to

the lower innervation ratio, as compared to a muscle mass

I
I *1

- ,
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which produces a gross type of muscle action (i.e. biceps

for elbow flexion), fine motor control is required to

produce index finger adduction as an isolated

i contraction (37,38). with this in mind, one should

consider Simonson and Lind's work in which they

demonstrated "...the more complex the contraction, the

more difficult it is to measure it accurately,"(15).

Simonson and Lind(15) and Ikai and Steinhaus(39) all agree

that motivation and tental concentration are extremely

important in producing a maximal muscle contraction. Ikai

and Steinhaus concluded that, especially when dealing with

untrained subjects, supraspinal and proprioceptive

inhibitions of varying degree will prevent the subject

from engaging all the motcr units of an active muscle at

tetanus frequency. his fact, they concluded, gave

credence to the idea that "...in every voluntarily

executed, all out maximal effort, psychological rather

than physiological factors determine the limits of

performance," (39).

Using the preceeding ideas of Ikai and Steinhaus, and

disregarding the possibility of any additional muscle

action aiding in producing the recorded tension, this

investigator elected to chocse the highest 100% MVC

determination value the highest of the five mean HCII
I
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values calculated by averaging three brief contractions)

I for both index finger adduction and handgrip as being the

value most likely to represent the true possible maximum

strength for each of the muscle actions. This maximum

strength value was then ccmpared with the tension used

during the fatigue ccntractions in sessions 2 and 3.

3 whereas this study was designed to look at the systclic

blood pressure response tc a 40% NYC of index finger

adduction and handgrip, the preceding calculations

revealed that the subjects in this study were more closely

producing a 32% (±7%) index finger adduction and a 36%

(±4%) handgrip contracticn (Appendix H).

Although the paired t-test indicated no significant

difference at the .05 level between the resting blocd

3 pressures recorded at the start of session 2 and 3 and the

low coefficients of variation (session 2 coefficient of

variation = 8.05, session 3 coefficient of

variation = 7.53) indicated a moderately homogeneous group

of resting blood pressure values, one could possibly

3 question their reliatility on the basis of the correlatior.

coefficient (r = .695). Sargent, et al. (40) conducted a

3 study with 99 military recruits in the winter of 1954 and

I
I
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i the summer of 1955 which investigated the normal

variability of resting systolic blood pressure. The

subjects were divided into two groups and two resting

U blood pressures were taken at one week intervals on each

* subject, two pressures being taken in the winter and two

taken in the summer. The results of the study revealed

coefficients of variation ranging from 3.0 to 13.4. These

relatively low coefficients of variation indicated that

the variability of resting blood pressures among this

rather large sample population was moderately small.

Using three different technigues for measuring blood

I pressures, Sime, et al. ( 41) took two resting blood

pressure measurements on 31 subjects at one week intervals

5 and compared the results cf the three techniques. These

techniques were: 1) auscultatory using a stethoscope and

mercury manometer, 2) phonoarteriography, in which

simultaneous recordings of pressure and Korotkoff sounds

amplified through a stethoscope were photographed and

measured, and 3) audio, which was identical to the

phonoarteriographic method except the Korotkoff sounds

were amplified electronically instead of with a

stethoscope. This last method was identical, in theory to

the primary metbod used in our study to measure systolic

blood pressures. In comparing the paired resting blood
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pressure values, Size calculated r = .63, .76, and .62

respectively for the auscultatory, phonoarteriographic,

and audio techniques. In the present study a correlation

coefficient of r = .695, higher than Sine's r = .62 for

his similar technique, was calculated for the resting

systolic blood pressure values. with regard to the audio

method, Sime states the "...high correlation coefficient

demonstrates...reproducibility of systolic blood

I pressures."

One could conclude that based on the results of the

paired t-test (page 62) , the coefficients of variation and

the correlation coefficient (Table 9, page 65) , the

resting systolic blocd pressures measured in the present

study are representative of a normal population and are

within the limits of acceptable reproducibility.

En4.Zance_Tin e

I
Although there ware no significant differences

I between endurance times for the index finger adduction

contractions, the analysis of variance indicated a

I significant difference between the endurance times for the

handgrip contractions (Tatle 13, page 70). The longer

duration of the second sustained handgrip ccntracticn

I could have enabled a subject to attain a higher peak

I
m 4

ii
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systolic blood pressure. This could have changed tte

slope and intercept cf the regression line characterizing

the response to the exercise. There were, however, no

Isystematic differences between the slopes and intercepts
of the regression lines characterizing a subject's

responses to the sustained bandgrip contractions (page

n 74).

3 xercj&l.Bl(>od Ujlr 11~ponse

Since this investigator was unable to find any

literature which characterized the blood pressure response

to an exercise using a regression equation, there will be

no comparisons or contrasts of the regression equations

calculated in this study with previous finding of other

authors. The correlation coefficient for the slopes and

intercepts of the regression lines representing the mean

j responses of the 21 subjects to each of the two sustained

contractions of each different size muscle group were low

l (adduct.ion slope r = .198, intercept r = .706; handgrip

slope r = .389, intercept r = .675). In spite of this low

reproducibility for the regression lines, paired t-tests

1 indicated no significant difference existed between the

corresponding responses. One could deduce from this that

1 a learning effect did not introduce a significant bias

n

.......... ' ill " I . r-..--* . . . . -- .. .. ,, n - - , ,, i
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into the bicod pressure response of the second fatigue

n contraction.

Before comparing the regression lines representative

n cf the mean systolic blood pressure responses of the 21

I subjects to the two different size muscle groups, one must

assume that, as the literature states, there will be a

I continuous rise in the blood pressure when a muscle is

contracting at greater than 15% of it's maximal voluntary

I tensicn. One can see- that there is approximately a six

fold difference between the slopes of the two regression

lines representing the systolic blood pressure respcnses

I (adduction = .052, handgrip = .287), Figure 13, page 70.

If a 4% increase were added to the slope for the adduction

1 re-sponse, as a compersaticn for the 4% less tension (32%

versus 36%) used during the fatigue contractions, the

difference between the twc would remain essentially

j unchanged.

An attempt was fade to find literature regarding the

sensitivity of the cardiovascular response center(s) to

different levels of isometric tension. Since different

authors have reported the results of different studies in

1 different ways (absolute arterial or aortic blood pressure

measurements, mean (diastolic + 1/3 pulse pressure)

I arterial or mean aortic pressures, discreet time points,

I
I!



I
92

n and relative time of contraction), it was necessary to

find studies by the Eame author in which the same

techniaues had been used to look at the blood pressure

I responses of muscle group(s) at different levels of

isometric tension. In a previously mentioned study(34),

Pamos reported a 12 wmHg increase in brachial artery

pressure in response to a 10% increase (25%-35% MVC) in

iscmetric tension. lamos' data should be cautiously

I considered when compared with the data from the present

study. Ramos instructed his subjects to maintain a

predetermined relative handgrip tension for 5 minutes.

After approximately 1.5 minutes at the 25% MVC and 1

minute at the 35% MVC levels there was a continuous

n increase of ENG activity in the more proximal flexor

muscles of'the ipsilateral extremity. This additioral

muscle activity, added to that of the primary handgrip

muscles, significantly increased the size of the active

muscle mass responsitle fcr the observed systolic blood

I pressure responses. Thus, the blood pressure changes he

observed were more akrupt than the responses observed in

I the present study.

Using the regression equation for the mean response

to the adduction contraction (y = .052x + 122.38) and the

mean time for the adducticn contraction (136.72 seconds)

I
I



I
93n

the peak systolic blcod pressure attained in the present

study was 129.5 mmHg. Adding a correction factor of 4.8

mmHg, based on Ramos' data, to compensate for the 4%

I difference between the adduction and handgrip relative

tensions used in the study would increase this peak

pressure to 134.3 umlg. Substituting this value for y,

the regression equation becomes y = .087x + 122.38. Even

though this is a 67% increase in the adduction slope,

n there is still a three and one half fold difference

between the slopes for the mean responses.

i
Although the reproducibility and consequently the

I reliability of the within day maximal strength

determinations were readily acceptable, the between day

maximal strength determinations were not as reproducible.

Possible explanations as to why tL.ese between day strength

values varied as they did were: 1)the relative ease of

performance of the two different contractions, 2)the motor

control needed to produce the more refined movement of

index finger adducticn as ccmpared to the gross handgrip

contraction and, 3) the motivation and mental

concentration of the individual subjects from day tc day.I
I

nI --, - ,
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The resting systolic blood pressure values measured

Jin this study were representative of a rnormal sampling of

individuals.

J The technique used tc characterize the systolic blood

pressure responses (linear regression of the blood

pressure vs time data points) introduced a unique method

for presenting blood pressure data. Future investigations

using this same techrigue will allcw for a valid

I ccmparison of results even though the actual experimental

conditions may vary.

The fact that the index finger adduction and handgrip

fatigue contractions were performed at 32% and 36% NYC,

respectively, was acknowledged. Using the most critical

I and exacting compensation, the systolic blood pressure

response to handgrip remained demonstrably different than

that to the index firger contraction.

I
Reco mep_ n o__uture Studies

As a continuaticn of the present study, other studies

could be conducted which would: 1) characterize the

systolic blood pressure response of other isolated

I movements involving larger muscle masses, 2) characterize

the additive effects of simultaneous muscle contractions

I
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of a known mass to a previously described systolic tlood

Ipressure response 3) compare the systolic blood pressure

response of individuals with various circulatory prcblems

(i.e. hypertension, Fost cardiac infarction) to those of

normal individuals, and 4) define the critical size muscle

mass, if one exists, below which the systolic blood

3 pressure response to an isometric contraction is dependent

on the size of the contracting muscle mass and above which

I the systolic blood pressure response is dependent on the

percentage of MVC at which the muscle mass is contracting.

Clinical _mpications

I The results of the present study could be utilized in

advising patients with severe hypertension and post

j cardiac infarction patients concerning ADL activities and

possible employment opportunities. Theoretical peak

I systolic blood pressures could be calculated for an

activity, illustrating the potential hazard to the

patient. By combining these results with those of the

jI proposed future studies, though, the scope of the clinical

implications would be greatly expanded. This data could

I then be used as a preliminary screening procedure fcr

isometric exercise itduced hypertension and as a means of

1

.I
-m
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testing the efficacy of drugs used for treating

I hypertension. Clinicians, using biofeedback techniques,

could teach individuals hcw to relax certain muscles.

i This could be used as a treatment for certain types of

i hypertension and migraine headaches. Future studies could

provide data which vtuld be of benefit in exercise

prescription and employment counseling for patients with

cardio-vascular problems.I
I
I
I
I
I

I
I
I
I

I-
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SSUMMARY of r'HISIS

-he purpose of this study was to inrvestigate the

difference? between the blood pressure responses to two

j 1d~fferen' size MUSCIle masses cor4-ract--ni at a known

Dorcsrtage of maxi;mal voluntary strength. S oac if cal ly,

4- is -tudy compar-d slopes and intlercepts of the

I rearession lines darived from systolic blood pressure

rosponsps to two different size muscle groups contracting

-I 41)q maximal voluntary strera' .

1 Procedure

L asel on a 100f MVC value derived from two MVC

deter minations performed by aach of 21 malE, subjects, a

1 UO% IVC vdlue was determined for index finger adduction

and hendgrio. During each of th.f two succeeding sessions,

Scach sublec+ nerformed a sustained 40% i-sometric

ecor.raction of ths two exorcises while systolic blood

nrassurge and surf-ace FMG activiltv over sel*ctad muscle?

groups was being monitgred. Following each sustained

MU-,



m
98

I contractior, a maximal EMG response from the monitered

muscl groups and a 100% FVC of the appropriate isometric

contraction was produced. The final session with each

subipec was a 10011 MVC de'erminalion of each ) . the two

differont contractiorns.!
resultsI

Although the analysis of variance and Duncan's

Imultl.range test demonstrated a trend of increasing tensior.

in the 100% index finger adduction values from max I to

max I, there was no similar occurrence :n the

corrasponding handgrip values. Thp correlation

coefficient (r), used as an index of reproduc;bility,

indicated .hat thl 100% index finoer adduction values were

not as reproducible as the correspondino handgrip

I measurements.

I There was no statistically significant difference

between the r.sting systolic blood pressures measured on

1 each subiec' at the star- of sessions 2 and 3.

-he difference between corresponding slopes and

I intercepts of the two regression lines represanting each

sub4r.cts responses to repeated sustained contractions of

the two different siza muscle groups was statistically

insiaificant.

I

I
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I Tven though 'he analysis of variance indicated a

statistically significant sub-eact-exercise interaction,

the same procedura indicated 'hat an even larger

Istatitically significant differe nce existqd between the

dif.erent blood pressure responses to thr two different

Iisometric contractions (index finger adduction vs

h;ndarip).

Conclusion

There is a statistically significant difference 4n

the sv:tolic blood pressure resronse to a sustained 40%

C for index fincer adduction and a sustained 40%

hanrgrip contraction.

I

I
!
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MFDICAI HTSTOVY FOPM

Have you ever had any known indications of, or been
treated for, any of the following (underline applicable
i+em)

YES No

1 High blood pressure? (rf "yes", l'st drugs
prescribed and dates taken.)

2. Chest pain, heart attack, rheumatic fever,
heart murmur, irregulu-- nulse or other
disorder of the heart or blood vessels?

3. Cancer, tumor, cyst, or any disorder of
the thyroid, skin, or lymph glands?

4. riabetes or anemia or other blood disorder?

I . Sugar, albumin, blood or pus in the urire,
or veneral disease?

6. Any disorder of the kidney, bladder,
postate, breast or reproductive oraans?

I . Ul1cer, intestinal bleeding, hepatitis,
colitis, or other disorder of tho stomach,
intestine, spleen, pancreas, liver or call
bladder?

8. Asthma, tuberculosis, bronchitis,
emphysema or other disorder of the luns?

9. Fainting, convulsions, migraine headache,
paralysis, epilepsy or any mental or

I nervous disorder?

10. Arthritis, gout, amoutation, sciatica,
back pain or otrer disorder of the muscles,
bones, or joints?

I

I-
4
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"4-DICA1- HISTOPY rOHRM(conttd.)

11. Disorder of the -yes, ears, nose, throat
or sinuses?

12. Varicose veins, hemorrhoids, hernia or
rectal disorlers?

13. Aicholism or drug habit? -

Have you:

1i4. Had, or been advisea to h ave, an x-ray,
cardiogram, blocd. or other diagnostic 4 est
in the past r- years?

15. '?eon a patient in a hospital, clinic, or
other medical facility in, the p~ast 5 years? -

16. Fver had a surgical operation performed or
ad vised?

17. Had any oral or respiratcry infections in
the past week?

DFTATIS Or "YS" ANSWEPS.
7nclude number of attacks, da4--s:



STYBJ!CmT 'r!OPPMA"CN SHEET

IProiect T4'i-le: CPANGES IN SYST'OLIC 13LOOD PRESSURE DIUPING
ISORI!! IC CONTRACTIONS OF DIFFERENT S7ZE
IT1SCIE GPC'T3PS

:-nvpstigators: Joe A. Puck, L.P.I.
Louis R. Amundsen, L. P.T., Ph. D.

This Pxperimaent involves the determination of your
maximal isometric strength for adducting (pulling toward
the hand) your index finger and grippina with- the ent~re
hand. Following these determinaticns you vwill be trained
te perform the above contractions at 40% of your maximum
isometric strenath with minimal activity in other muscles.
After this Initial train~ing your blood pressure responses

t.1 40O9 of maximal cap~acity contractions held to tolerance
widd be assessed for each muscle group.

Four sessions will be needed for training and da~aj collection.

our monitoring equipmient should cause no discomfort.
We will use only noninvasive methods lo monitor your hiear4l
rate, blood pressure, and electromyographic responses to
exercise. The exercise may cause some local muscular
discomfort during prclonged contractions.

We expect the results o10 this experiment 'to onbance
the knowledge base requirad to determine if civen
occupational or recreational activities are sa-fe for

patients with ischemic heart disease.

I1 -I have discussed the above points wit+h the sublect or his
logally authorized representative, using a translator if
necessary. It is my opinion +hat the subleqct understands
the risks, benefits and obligations involved in

participation in this pro-iect.'

I Investi~aalor
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i CERTIFICATION OP SUPJECT CONSENT

Project Title: CHANGES IN SYSTOLIC BLOOD PRESSURE DURING
ISOMETRIC CONTRACTIONS OF DIFFERENT SIZE
MUSCLE GROUPS

Investigators: Louis R. Amundsen, L.P.T., PhD.
Joe A. Buck, L.P.T.

I, --------------------------------- , hereby certify
that I have bean told by L.R. Amundsen or
of the physical therapy department about the research on
isoetric axercise and its purposes. I understand the
possible dicomforts and risks and the possible benefitsrelating f, thi research project.

A writ.Aj summary of what I have been told is
attache. I have been given an adequate opportunity to
read it.

r i understand that I have the right to ask questions
about any procedure and to withdraw my consent and stop
taking part in the project at any time without prejudice
to me.

I herby freely consent to take part in this research

I project.

(signature of subject)1
I, the undersigned, certify that I was present

during the oral presentation of the written summary
attached when it was given to the above subject.

4
i (signatuIre of auditor-witness)

I

I
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The calibration for each 't0" ring force transducer

I was conducted as follows. The maximum weight to be used

was suspended from the appropriate transducer and an

appropriate sensitivity setting for the pre-amp and

amplifier of the respective channel for each transducer

was determined. The weight was then systematically

1 educed through the range in which the "0" ring was to be

used. A graph representing the calibration data for the

small "0n ring used to measure the index finger adduction

j and the regression equation generated from this set of

data is found in Figure B-i. The maximum ieviation from

I this line was negligible (.035 lbs), producing a linearity

I (max deviation/ full scale deflection) of < ±.1% of full

scale. Similarly, the data for the calibration of the

I transducer usel to measure the handgrip force is given in

Table B-1. Its corresponding graph and regression

I equation are illustrated in Figure B-2. The linearity of

this transducer was within ±.7% of full scale.

It
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I 7.0

wt

2.00

0 10 20 30 40 501mu deflection

Figure B-i1

Calibration Data and Regression
Equation for Force Transducer

Used to Measure Index Finger
Adduction Str ength
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Table B-I H

Calibration Data for Force Transducer
Used to reasure Handgrip Strength

mm

Vt. (ibs) Deflection

165.50 46.33
155.00 43.00
145.00 40.00
135.25 36.33
124.75 33.00
114.75 30.00
105.75 26.33
95.50 23.33
85.00 19.33

75.00 16.00
65.0O0 1 3.00

54.50 9.33
45.50 6.00
35.50 3.00
25.00 0.00

I
I
I
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I 180

I
150 y =2.9x + 26.44

I
120I

wt90

(ibs)

i 60

i
1 30

I
10 20 30 40 50

mm deflection

i Figure B-2

Calibration Data and Pegression Equa-
tion for Force 7ransducer Used to

measure Handgrip StrengthI
* 4
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I TableC-

Comparison of Korotkoff Signals AMDlif,-ed
'"Trough the 'Beckman m'odel 9863A indirect

Plood Pressure Coupler and Systolic Plood
Pressure M'easured Via +he Auscultatory

Met!.od Using a Stethoscope andI Marcury manom~eter

---------------- -
S.B.P. M'easured

S. 3. P. Measured with Stethescope
From Korotkoff and mercury

Sianals 'Ianome 4e r

125 129
1241 1214

1120 118

117.5 116
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I W PS."_'T

Draw a line from the lateral
ericondyle of the humerus to the
styloid process of the ulna. 2-5 of
this distance draw a perpendicular line
laterally (1 inch) that will put an

A active elqctrode on the extensor carpi
ulnaris. Draw a 2 inch eauila-eral
triangle from this point.

IWPTST FrXP
Draw a line from the medial

epicondyla of the humerus to the
styloid process of the radius. 20% of
this distance from the medial
epicondyle on the line is the ground
electrode, 50w of the distance on the

6 A line is an active electrode. Draw a 2
A inch equilateral triangle medially from

j tlese points.

BICEPS
Draw a line from the coracoid

process to the biceps tendon in the
elbow flexion crease. 25) of the

AAdistance from the crease on the line is
6 the around electrode. Draw a 2 inch

equilateral triangle Droximallv with

TiCE PS 
tle grcund electrode 

as the apex.

Draw a line from the olecranon to
the middle? of the acromion. 60% of the,

I distance from the acromion on +he line
is the groumd electrode. Draw a 2 inch
equilateral triangle medially.

I PECTOPALIS MAJOP
From the mid-point on the distal

sternal-acromial line draw a
-- perpendicular cross line. 1 inch each

A ~way frcm the sternal1-acromial line arc-
A the active electrodes. I inch toward

AG tte sternum frcm the mid-point is the

ground electrode.

I

I lllrI I1 - -. .. ,.i ,., '"
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Draw a line from the lateral
e~icor.lyl a of the humerus to the

Aacomion. 11 of the dis ance from thc
proximal point draw a perpendicular
lie anterior across the anterior
deltoid. 6% of the listanze from +he
acromio-lateral epicondvle line cn tbP
anterior line is an active electrode,
the other active electrode is on the
same line 2 inches away. Draw a 2 inch
equilateral triangle distally for the

el ground electrode.

I,
I'
I
I
!
I
I
I
I
I

I
o - .



1
U
I
I
I
I
I
II
I S1]STAIN~D APPENDIX

POP"I(IN 0? ?ECO~?D PI~ODTCD ~)URTE~1G AI L~O% MVC INDEX FINGEP
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* EMG

I EMG

EMG 4 7

-1:. I4 
-

Doppler 44 44 )-4~
US S ig nals -1

Signals 1ISuper im-
posed on+I Pressure

Channel forIIHandgrip 47

Finger

Adduction

Figurs F-1

Portion of Chart Fecord Produced Durinq a
Sustaired 4IC% MVC Inder Finapr

Adduction Con~raction
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'"able F-1

Correlation Ccefficients for Time
vs Systolic Blood Pressure for
40% MVC index Finger Adduction

Sub- Pepe-
lect tition Ni  wi* ri  zi** zw+ (wi zi 211 1 1525 2 .'2.91 1.82 1.66

2 9 6 .46 .50 3.00 1.50
2 1 5 2 .82 1.1f 2. 32 2.69

2 6 3 .71 .89 2.67 2.38
3 1 7 4 .80 1.10 4.40 4.84

2 11 8 .04 .04 .32 .01
4 LI 1 7 4 .60 .6Q  2.67 1.90

2 6 3 .04 .04 .12 .00
5 1 5 2 .17 .1-7 .34 .06

2 6 3 .85 1.26 3.78 4.76
6 1 7 4 .69 .85 3.40 2.89

2 7 4 .53 .59 2.36 1.39
7 1 7 4 .33 .34 1.36 .4

2 8 5 .17 .17 .85 .14
1 1 6 3 .32 .33 .99 .3?
2 5 2 .47 .51 1.02 .52

9 1 5 2 1 .56 1.12 .6'
2 4 1 .76 1.00 1.00 1.00

10 1 6 3 .88 1.38 4.14 5.71
2 4 1 .36 .38 .38 .14

11 1 10 7 .88 1.38 9.66 1 3.3?
2 9 6 .30 .31 1.86 .58

12 1 6 3 .5 .62 1.86 1.15
2 8 5 .83 1.19 5.95 7.08

13 1 8 .114 .4-7 2.35 1.10
2 8 5 .80 1.10 5.50 6.0!,

10L 1 5 2 .73 .93 1.86 1.73
2 t 1 1.00 2.90 2.90 8.41

15 1 7 4 .65 .8 3.12 2.4-A
2 7 4 .29 .30 1.20 .36

16 1 8 5 .67 .81 4.05 ?.28
2 9 6 .66 .79 4.74 3.74

17 1 b 3 .58 .66 1.98 1.31
I 2 8 5 .01 .01 .05 .00

18 1 8 5 .01 .01 .05 .00
2 9 6 .89 1.42 8.F2 1 2.10I

I!I



119

Sable F-i (cont'd.)

19 1 7 4 .58 .66 2.64 1.74
2 6 3 .U8 .52 1.56 .81

20 1 8 5 .-2 .91 4,.55 4.11U
2 8 5 .50 .55 2.75 1.51

21 1 10 7 .60 .69 4.83 3.3?
2_ _9 6 .54 .60 3.60 2.16

lotal - -168 113.73 109.39
7 =EiEw =.6

r=e2Z_ 1/e2 z + 1=. 59++

1W NI*zw = 1/2 [loge (1+r)-loge (l-r)

*+To test the hypothesis that several r's are from the
same rho, and to combine them into an estimate of rho:

X2 = (Ew Z.2)-[ (Ewizi) /(3wi)
12 = 32.40

X2(.05 level, 41 D.F.) = 6.9

probability = .17 of observing a X2 _ 32.40 when the
underlying correlations are from a common population

To test the hyDothesis that rho has some value other than
O(r~o*O):use the fact that when rho = 0, z has a normal

distribution witb mean = 0 and variance = 1 /f(w -).1eject tle hypothesis that rho = 0

at the .05 level if f (w ) (zw) > 1.96

at the .01 level if . (wi ) (zw) > 2.57

1 at the .001 level if f _(w-) (zw) > 3.27

Since IJ16i (.68) = 8.81 we can relect t e null hypothesis
(that a correlaticn this high could occur by random

a sampling) at the .001 level.

ii

t I
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Tabl G-1

Correlation Coef-icie ts for Time
vs Systolic Blood Pressure for

401 F VC Fandgrip

I Su b- Rep--

II 1 3 0 .94 1 .74 0 0

2 4 1 .98 2.30 2.30 .29
2 1 3 0 .92 1.59 0 0

2 5 2 .68 .83 1.62 1.3P
3 1 5 2 .90 1.47 2.94 4.32

2 6 3 .84 1.22 3.66 4.47
4 1 7 a .93 1.66 6.64 11.02

2 11 8 .95 1.83 1 U. AU 26.145
1 5 2 .97 2.09 t. 18 F.E17
2 9 5 .98 2.30 11. 50 26.115

6 1 5 2 .97 2.09 4.18 8.7 4
2 6 3 .07 2.09 L.18 13.10
1 1 5 2 .93 1.66 3.32 5.51

2 6 3 .9p 2.30 F.90 15.87
8 1 8 5 .06 1.95 9.7c 19.01

2 6 .04 1.74 10.44 18.17
9 1 6 3 Q2 1.16 3.1u8 4.04

2 6 3 .08 2.30 6.90 15.87
10 1 7 4 .97 2.09 8.36 17.4-

2 8 5 .99 2.6c 13.2r 35.11
11 1 9 6 .74 .95 5.70 5.42

2 7 4 .q7 2.09 8.36 17.4"
12 1 6 3 .86 1.29 3.87 U.gg1 2 7 4 .96 1.95 7.80 15.21
13 1 7 4 .99 2.65 10.60 28.OQ

2 9 6 .93 1.66 9.96 16.51
1 1 C; 2 .98 2.30 4.60 10.58

2 5 2 1.00 2.90 5.80 16.P2
15 1 8 5 .87 1.33 6.65 8.84

2 11 8 .4 1.22 0.76 11.91
1 6 1 8 5 .85 1.26 F.30

2 7 4 .95 1.83 7.32 13.uO

1 1 7 Lt .29 .29 1.16 .34,
2 5 2 .2 1.5 ,  3.18 5.06

18 1 7 14 .98 2.30 9.20 21.16
2 7 4 .65 .7R 3.12 2.43

-. .....- --- ...... ..
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I able G-1 (cont'd.)

4o 1 1 .06 1.95 1.95 3.80
2 8 5 .61 .71 3.51 2.52

20 1 5 2 .91 1.53 3.06 4.6A
2 8 F .95 1.8? 9.15 16.70

21 6 3 .91 1. 53 4. 59 '.02
2 7 4 .94 1.74 6.96 12.11

-Total 150 250.84 U74.41

z =Ewizi/wi 1. 67

11

I =e2 z- l/e2 Z =. *9 5 +

I -e
1*Z = 2[ Iog C'+r) -lo oel1-r )** i-

--i W .Z e-

SW 1 1

1+ '+o test the hypothesis that several r's are from the
same rho, and to combine them into an estimate of rho:

T ~~X2=( QWZ.2) -[( WZ )2/Ew)
11 X2=5u..4

X2(.05 level, 41 D.F.)=56.9

probability = .07 of observing a X2 _ 5U.94 when the
underlying correlations are frcm a common population

* To test the hypothesis that rho has some value other than
O(rho * 0) use the fact that when rho = 0, z has a normal

distribution with mean = 0 and variance -/-i).

Reiect the hypothesis that rho = 0

at the .05 level if (V(wi) (zw) > 1.q6

at the .01 level if V(wT) (z w) > 2.57

I at the .001 level if V'(w) (zw, > 3.27

Since V15- (1.67) = 20.45 we can relect the null hypothes.is
(that a correlaticn this high could occur by random

sampling) at the .001 level.

I
I t

-|~
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Table H-1

I Actual Percentage of 'MVC Uspd
During Sustained Index ?incer

Adduction Contractions

---------I --------------- -

U0O% valuc used/ A ctual1
Sub-iec4- HRichest Recorded Max Percentage

12 1.64/4.11 .41,
3 .92/4.58 .20
'4 .78/U.37 .18
5 1.45/14.18 .3516 1.34/3.65 .37

11.02/2.97 .34
8 1.59/r-.35 .30I 2.16/5.42 .40

10 1.71/4.57 .37
11 1.37/3.92 .35
12 1.52/4.79 .32

13 1.41/3.52 .40
148 1.54/5.U6 .29115 1.62/LI.76 .34
16 1.62/5.97 .38
17 1.36/4.21 .32
18 1.5C/5.08 .29I19 .91/2.6'7 .40
20 1.32/5.19 .26
21 1.6 1/4~.5 3 .------36

Mean = .32IS.D. = .07

- ----- --- - ------ ----- -----
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"able F-2

I Actual Percentaae of MVC Used
Durina Sustained Handgr'P

CcntractionsI
I O1 Value Used/ A&ual

Subiect Highest Recorded Max Percentaae
1 1.8/129.4 .32

2 5E.3/1L40.6 .40
3 62.0/157. 0 .40
4 47.0/"17.7 .40
5 53.8/13F.0 .40
6 62.1/155.2 .40
7 43. 3/119. 3 .36
8 41.9/116.9 .36
9 50.4/133.7 .38

10 4C.8/106.7 .38
11 3 7. V 10 1. 4 .37

12 52.2/130.5 .EO

13 53.6/135.9 .39
14 48.1/120.2 .40
15 44.2/160.3 .28
16 49.4/136.1 .36
17 39.9/ 99.7 .40
18 r5.2/146.8 .38
19 45.3/130.5 .35
20 40.2/139.3 .29
21 Oi.k 23 3 .L3  .30

Mean = .36
S.O. = .04

----------------- --------- --

I!

K!. ,-*
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